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SL1 M MARY OP THE INVENTION 
5 DNA constructs capable of being expressed upon direct 

introduction, via injection or otherwise, into animal tissues, are novel 
prophylactic pharmaceuticals. They induce cytotoxic T lymphoe\io\ 
(CTLs) specific for viral antigens which respond to different strains ol 
vims, in contrast to antibodies which are generally strain-specific. The 
I ' 10 generation of such CTLs in vivo usually requires endogenous expression 

^ of the antigen, as in the case of virus infection. To generate a viral 

' : antigen for presentation to the immune system, without the limitations 

ST" g of direct peptide delivery or the use of viral vectors, plasmid DNA 

encoding human influenza virus proteins was injected into the 
15 quadriceps of BALB/c mice, this resulted in the generation of influenza 
virus-specific CTLs and protection from subsequent challenge with a 
k> ^ heterologous strain of influenza vims, as measured by decreased viral 

j^-"' lung titers, inhibition of weight loss, and increased survival. High titer 

' neutralizing antibodies to hemagglutinin and antibodies. to nucleoprotein 

J. 20 were generated in rhesus monkeys, and decreased nasal virus titers were 

flfc 1 observed following homologous and heterologous challenge in ferrets. 



... 



BArKr.ROUNP OF THE INVENTION 

l A major challenge to the development of vaccines against 

• *^ 25 viruses (such as influenza A cr HIV), against which neutralizing 

r"*-" antibodies are generated, is the diversity of the viral envelope proteins 

among different isolates or strains. As cytotoxic T-lymphocytes in both 
^ . mice and humans are capable of recognizing epitopes derived from 

^ conserved internal viral proteins |J.W. Yewdell ct ai. Proc. Natl. Acad. 

f30 Sci. (USA) »2, 1785 ( 1985); A.K.M. Townsend. ct ai. Cell 44, 959 
(1986); A.J. McMichael ct ai. J. Gen. Virol. 67, 719 ( 1986); J. Bastin 
fc ct ai. J. Exp. Med. 165. 1 508 ( 1 987); A.R.M. Townsend and H. 

^J"^ Bodmer. Annu. Rev. Immunol. 7, 601 ( )989)|. and are thought to be 

P***"^ important in the immune response against viruses |Y.-L. Lin and B.A. 



r 



1X9721 A 



Askonas j Exp. Med. 154. 225 (1981); |. Gardner al.. Eur J 

~ ' * " KL Yap and GL Ada - N« 273. m 

(1978). AJ. McM.chael a al.. New Engl. J. Med. 309. 13 (I981v P M 
Taylor and B.A. Askonas. , mmunol . 5 «. 4|7 «986)|. efforts have Ln 
•reced .oward., the develops of CTL vaccines capable of P r„v,d n" 
heterologous pro.ec.mn against different viral strain/ ' 

CD8+ CTLs kill virally-infected cells when the.r T cell 
receptors recognize v.ral P ep„des associated with MHC class I 
molecule, IR.M 2nkem.gel and P.C Doherty. Ml. 141.' ,427 , .975, 
^G^^re^ (1991)]. These peptides are derived ' 
rom endogenous^ synthesized viril^elns.mgardles.s of the ~ ~ 
prote.n.s locat.on or function within the virus. Thus, by recoenit.on of 
epttopes trorn conserved vira, pro ,eins. CTLs may prov dj r s " n, 
protecon. Peptides capab.e of abating with MI C Cass 1 lor CTL 
recogmt.on originate from proteins tha, are present in or pass ro 'h 
the cytoplasm or endop,asmic re.tcu.um | j. W. Yewdell and J R ' 
Bennink. Science 244. 107'' (1989V abut. 
340 441 1 1989V 1 r w J Townsend et al.. Nature 

■ww. 44.MI989). J.G. Nuchtem et al.. ibid. 339. 223 (1989)1 

proces^e IT"*, "T^ ^ ^ ™ ^ end °— ' 
molecules), are not effect.ve at generating CD8+ CTL responses 

ren.i, M ° M eff0f1S ,0 genera,C CTL re W have either used 
^■eating vectors ,0 produce the protein antigen within the cell J R 

Curr. Top. Microbiol. Immunol. 163. 153 (1990V CK w, , 

P*. N.L AC*. Sci. ,USA) »,. 2679 (1992)1. or they^fve 

<«na mj, Bevan. J. Exp. Med. 169 603 H989V w , », 

342 561 (1989V h t 1 u u eres " tf/ - Nature 

£ir~ ( J989),H. Takahash.^ f t/ /.. //,/</. 344. 873 (1990V DS " 
Collins et al.. J. Immunol. 148 3336 ( I99?v m 1 m 
148. 2357 (199^1 Rn ,h J 1 } * J ' NeWman et ihid - 



. 1 - 



IX972I A 



the size and structure of polypeptides that can be expressed as fusion 
proteins while maintaining the ability of the recombinant virus to 
replicate |A.D. Miller, Cun\ Top. Microbiol, Immunol. 158. I (1992)|. 
and the effectiveness of vectors such as vaccinia for subsequent 
immunizations may be compromised by immune responses against the 
vectors themselves |E.L. Cooney ct ul . Lancet 337, 5*7 (1991 )). Also, 
viral vectors and modified pathogens have inherent risks that may 
hinder their use in humans |R.R. Redfield ct aL New Engl. J. Med. 
316. 673 (1987); L. Mascola ct aL, Arch. Intern. Med. 149, 1569 
( 19R9)|. Furthermore, the selection of peptide epitopes to be presented 
is dependent upon the structure of an individual's MHC antigens and. 
therefore, peptide vaccines may have limited effectiveness due to the 
diversity of MHC haplotypes in outbred populations. 

Benvenisty. N., and Reshef. L. |PNAS 83. 9551-9555. 
( 1986)| showed that CaCl2 precipitated DNA introduced into mice 
intraperitoneal^, intravenously or intramuscularly could be expressed. 
The intramuscular (i.m.) injection of DNA expression vectors in mice 
has been demonstrated to result in the uptake of DNA by the muscle 
cells and expression of the protein encoded by the DNA (J.A. Wolff ct 
aL Science 247. 1465 (1990); G. Ascadi ct aL Nature 352, 815 
(1991)|. The plasmids were shown to be maintained episomally and did 
not replicate. Subsequently, persistent expression has been observed 
after i.m. injection in skeletal muscle of rats, fish and primates, and 
cardiac muscle of rats |H. Lin ct aL Circulation 82, 2217 (1990): R.N. 
Kitsis ct aL Proc. Natl. Acad. Sci. (USA) 88. 4138 (1991); E. Hwsen 
ct al . FEBS Lett. 290, 73 (1991); S. lima at.. Hum. Gene Therapy 3, 
21 (1992): J.A. Wolff ?/ aL Human Mol. Genet. 1. 363 (1992)|. The 
technique of using nucleic acids as therapeutic agents was reported in 
WO90/1 1092 (4 October 1990). in which naked polynucleotides were 
used to vaccinate vertebrates. 

It is not necessary for the success of the method that 
immunization be intramuscular. Thus. Tang et al., INature, 356, 152- 
154 (1992)1 disclosed that introduction of gold microprojectiles coated 
with DNA encoding bovine growth hormone (BGH) into the skin of 
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mice resulted in production of anti-BGH antibodies in the mice. Furth 
et al.. (Analytical Biochemistry, 205. .165-368. (I992)| showed that a jet 
injector could be used to transfect skin, muscle, fat. and mammary 
tissues of living animals. Various methods for introducing nucleic acids 
was recently reviewed by Friedman. T . | Science. 244. I275-I2X] 2_! 
( I9H9)| See also Robinson et al.. Abstracts of Papers Presented at the 
1992 meeting on Modem Approaches to New Vaccines. Including 
Prevention of AIDS. Cold Spring Harbor. p92. where the im. ip.'and iv 
administration of avian influenza DNA into chickens was alleged to have ~j 
provided protection against lethal challenge. However, there was no 
disclosure of which avian influenza vims genes were used. In addition, 
only H7 specific immune responses were alleged, without any mention 
of induction of cross-strain protection. < 

Therefore, this invention contemplates any of the known 
methods for introducing nucleic acids into living tissue to induce 
expression of proteins. This invention provides a method for 

introducing viral proteins into the antigen processing pathway to ^ 
generate virus-specific CTLs. Thus, the need for specific therapeutic ^~ 
agents capable of eliciting desired prophylactic immune responses 
agains; viral pathogens is met for influenza virus by this invention. Of 
^•.2 particular importance in this therapeutic approach is the ability to """« 

induce T-cell immune responses which can prevent infections even of 
virus strains which are heterologous to the strain from which the 
antigen gene was obtained. Therefore, this invention provides DNA ^ 
25 cons,nj cts encoding viral proteins of the human influenza virus « 
nucleoprotein (NP). hemagglutinin (HA), neuraminidase (NM). matrix ^ 
(M). nonstructural (NS). polymerase (PB1 and PB2= basic polymerases 
f v<'^ 1 and 2: PA= acidic polymerase) or any of the other influenza genes ^ 

* which encode products which generate specific CTLs. < 

30 1116 influenza virus has a ribonucleic acid (RNA) eenome ' 

consisting of multiple RNA segments. Each RNA encodes at least one 
gene product. The NP gene product binds to RNA and translocates 
viral RNA into the nucleus of the infected cell. The sequence is 
conserved, with only about 7% divergence in the amino acid sequence 
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having arisen over a period of 50 years. The P gene products (PB1 . 
PB2. PA) are responsible for synthesizing new viral RNAs. These 
genes are even more highly conserved than the NP gene. HA is the 
major viral envelope gene product, It is less highly conserved than NP 

5 It hinds a cellular receptor and is thereiore instrumental in the initiation 
of new influenza infections. The major neutralizing antibody response 
is directed against this gene product. A substantial cytotoxic T 
lymphocyte response is also directed against this protein. Current 
vaccines against human influenza virus incorporate three strains of 

10 influenza vims or their HA proteins. However, due to the variability in 
the protein sequence of HA in different strains, the vaccine must 
constantly be tailored to the strains which are current in causing 
pathology. However, HA does have some conserved elements for the 
generation of CTLs. if properly presented. The NSI and NS2 gene 

is products have incompletely characterized biological functions, but may 
be significant in production of protective CTL responses. Finally, the 
Ml and M2 gene products, which are slightly more conserved than in 
HA, induce a major CTL response. The Ml protein is a very abundant 
viral gene product. 

20 The protective efficacy of DNA vaccination against 

subsequent viral challenge is demonstrated by immunization with non- 
replicating plasmid DNA encoding one or more of the above mentioned 
viral proteins. This is advantageous since no infectious agent is 

involved, no assembly of virus particles is required, and determinant -^.^ 

25 selection is permitted. Furthermore, because the sequence of 

nucleoprotein and several of the other viral gene products is conserved 
among various strains of influenza, protection against subsequent 
challenge by u virulent strain of influenza virus that is homologous to or 
heterologous to the strain from which the cloned gene ts obtained is 

3 0 enabled. 
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Fig. 1. Detection of NP plasmid DNA m muscle by PCR Mir, u, 
mjeced «h ree times. a, , hree week .ntetvals. w„ h RSV NP 
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Wank venor comrol (600L) I » w t Pfes ""' in ,he 

the. had been tn,„,f ec ,ed w i hTh T fra " insm «"« 
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time after the first injection of NP DNA. Mice immunized with blank 
vector generated no detectable NP antibodies. 

Fig. 3. Percent specific lysis, determined in a 4-hour ^'Cr release 
assay, for CTLs obtained from mice immunized with DNA. Mice were 
immunized with 400 ug VI-NP DNA (solid circles) or blank vector 
(solid squares) and sacrificed 3-4 weeks later. Negative control CTI. 
were obtained from a naive mouse (open triangles) and positive controls 
from a mouse that had recovered from infection with A/HK/68 four 
weeks previously (solid triangles). Graphs depict data from 
representative individual mice. At least eight individuals were studied 
to- each set of conditions. Panel A: Spleen cells restimulated with 
NP147-155-puls*d autologous spleen cells and assayed against NP147- 
155-pulsed PX15 cells. Panel B: Spleen celh resiimulated with NPI47- 
155-pulsed autologous spleen cells and assayed against PR 15 targets 
inlccted with influenza A/Victoria/73 (H3N2) for 6 hours before 
addition of CTL. Panel C: Spleen cells restimulated with Con A and 
1L-2 without additional antigen and assayed against P815 cells pulsed 
with NP 147- 1 55. Panel D: Mice were injected with 200 |ig per 
injection of VI -NP DNA or blank vector three times at three week 
intervals. Spleens were harvested 4 weeks after the last immunization, 
spleen cells were cultured with IL-2 and Con A for 7 days, and CTL 
were assayed against PR 1 5 target cells infected with A/Victoria/73. 

Fig. 4. Mass loss (in grams) and recovery in DNA-immumzed mice 
after unancsthetized intranasal challenge with I0 4 TCID50 of A/HK/68. 
Mice were immunized three times at 3-week intervals with VI -NP DNA 
or blank vector, or were not injected, and were challenged 3 weeks 
after the last immunization. Weights for groups of 10 mice were 
determined at th* time of challenge and daily from day 4 for NP DNA- 
injectcd mice (solid circles), blank vector controls (open triangles), and 
uninjected controls (open c : :clts). Shown are mean weights ± SEM. 
NP DNA-injected mice displayed significantly less weight loss on day 8 
through 13 than blank vector-injected (p<0.005) and uninjected mice 
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(PS0.0I ). as analyzed by the t-.est. No significant difference was noted 
between the two controls (p=0.8 by the t-te.st ). 

Hg. 5 Survival of DNA immunized ,n,ce after intranasal dwllcnce 
(under anesthes.a) w„h I02.5 T CID M of A/HK/6R. Mice immunized 
three ttmes at three week intervals with VLNP DNA (closed circles, or 
blank vector (open circle*) and uninjected controls (open mangles)' 
were challenged th ree weeks after the final immunization. Percent 
survtval is shown for groups of 9 or 10 mice. Survival of NP DNA- 
mjected m.ce was significantly greater than controls fp-OOOW by Chi- 
square analysis), while no sign.ficant difference was seen between bla,k 
vector-mjec.ed and uninjected mice (p=O.I7 by Ch-square analysis). 

Hg. 6. Sequence of the expression vector VI J. SEQ.ID:I0:. 

Hg. 7. Sequence of the expression vector VUneo. SEQ. ID: J 8:. 

Hg. 8. Sequence of the CMVintA-BGH promoter-terminator 
sequence. SEQ. ID: 1 1 . 

Fig. 9. Monkey anti-NP antibody 



Fig. 10. Ferret hemagglutination inhibition, with the dotted line 

25 Z ZT* * m u ma ' Pr0 ' eC,iVe an,ibody ,iter - and lf * ^erace value 
» being denoted w,,h a circle having a line through,.. 

Fig. ii. i gG Anti . NP amjbod> m fcne|fc ^.^ )mmuni2atjon 
30 VirUS Sheddm8 ^ WUh a " d ^ 

2S£ c^;i pRSV ' PR ' NP and V, - Np vecto - x d — "« 
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Fig. 14, Schematic of influenza proteins and strains. 

Fig. 15. Schematic of injected DNA processing inside a cell. 

Fig. 16. Resistenee of ferrets to influenza A/RP/X/34 induced by 
immunization with HA and internal protein genes. 

DETAILED DESCRIPTION OF THR INVENTION 

This invention provides nucleic acid pharmaceuticals 
which, when directly introduced into an animal, including vertebrates, 
mammals and humans, induce the expression of encoded proteins within 
the animal. Where the protein is one which does not normally occur in 
that animal except in pathological conditions, such as proteins associated 
with influenza virus, for example but not limited to the influenza 
nucleoprotein, neuraminidase, hemagglutinin, polymerase, matrix or 
nonstructural proteins; the animals' immune system is activated to 
launch a protective response. Because these exogenous proteins are 
produced by the animals' own tissues, the expressed proteins are 
processed and presented by the major histocompatibility complex, MHC. 
This recognition is analogous to that which occurs upon actual infection 
with the related organism. The result, as shown in this disclosure, is 
induction of immune responses which protect against virulent infection. 

This invention provides nucleic acids which, when 
introduced into animal tissues in vivo , by injection, inhalation, or 
impression by an analogous mechanism (see BACKGROUND OF THE 
INVENTION above), the expression of the human influenza virus gene 
product occurs. Thus, for example, injection of DNA constructs of this 
invention into the muscle of mice, induces expression of the encoded 
gene products. Likewise, in ferrets and rhesus monkeys. Upon 
subsequent challenge with virulent influenza virus, using doses which 
uniformly kill control animals, animals injected with the nucleic acid 
therapeutic exhibit much reduced morbidity and mortality. Thus, this 
invention discloses a vaccine useful in humans to prevent influenza virus 
infections. 
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In one embodiment of the invention, the human influenza 
virus nucleoprotein. NP. sequence, obtained from the A/PR/X/U strain, 
is cloned into an expression vector. The vector contains a promoter lor 
RNA polymerase transcription, and a transcriptional terminator ai the 
5 end of the NP coding sequence. !n one preferred embodiment, the 
promote: is the Rous sarcoma virus (RSV) long terminal repeat iLTR) 
which is a strong transcriptional promoter. A more preferred 
promoter is the cytomegalovirus promoter with the intron A sequence 
■ (CMV-intA). A preferred transcriptional terminator is me bovine 

10 growth hormone terminator. The combination of CMVintA-BGH 
terminator is pameulaiiy preferred. In addition, to assist in 
preparation of the pharmaceutical, an antibiotic resistance marker is 
B als0 preferably included in the expression vector. Amptc.hin resistence 

genes, neomycin resistance genes or any other pharmaceutical^ 
[ 15 acceptable antibiotic resistance marker may be used, hi a preferred 

is embodiment of this invention, the antibiotic resilience gene encodes a 

? ene product for neoimcin resistence. Funher. to aid in the high level 
production of the pharmaceutical by fermentation in prokaryotie 
f organisms, it is advantageous for the vector to contain an origin of 

20 replication and be of high copy number. Any of a number of 
£ commercially available prokaryotie cloning vectors provide these 

benefits. In a preferred embodiment of this invention, these 
functionalities are provided by the commercially available vectors 
^ known as pUC. It is desirable to remove non-essential DNA sequences. 

^ 25 Thus, the lacZ and lacl coding sequences of pUC are removed in one 

embodiment of the invention. 

In one jmbodiment. the expression venor pnRSV is used,. 
wherein the rous sarcoma «ims (RSV) long terminal repeat (LTR) is 

^ used as the promoter. In anothe£embodiment,(^b i mutated pBRJ22 

30 vector into which the CMV promoter and the BGH transcriptional ' 
terminator were cloned is used. The VM-NP construct was used to 
immunize mice and induce CTLs which protect against heterologous 
m challenge. In a particularly preferred embodiment of this invention, the * ^ 

elements of V I have been been combined to produce an expression ' 
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vectoroamed VIJ. Into VIJ is cloned an influenza virus gene, such as 
an Aj@8/34(^P) PBI, NSI, HA, PB2. or Ml gene. In yet another 
emobodiment. tKe ampicillin resistance gene is removed from VII and 
replaced with a neomycin resistance gene, to generate y I J-neo. into 
which any of a number of different influenza virus genes have been 
clonedlor usc according to this invention. 

While one embodiment ot this invention incorporates the 
influenza NP gene from the A/PR/X/34 strain, more preferred 
embodiments incorporate an NP gene, an HA pent, an NM gene, a PH 
gene, a M gene, or an NS gene from more recent influenza virus 
isolates. This is accomplished by preparing cDNA copies of the viral 
genes and then subcloning the individual genes. Sequences for many 
genes of many influenza virus strains are now publicly available on 
GENEBANK {about 509 such sequences for influenza A genes). Thus, 
any of these genes, cloned from the recent Texas. Beijing or Panama 
isolates of the virus, which are strains recommended by the Center for 
Disease Control as being desirable in anti-influenza vaccines, are 
preferred in this invention (see FLU-IMMUNE® influenza virus 
vaccine of Lederle, Physicians Desk Reference, 1993, pi 232. a trivalent 
purified influenza surface antigen vaccine containing the hemagglutinin 
protein from A/Texas/36/91 , HIN I; A/Beijing/353/89, H3N2; and 
B/Panama/45/90). To keep the te rminology consistent, t he following 
convention is followed herein for describing DN A .CQOiJcucts: 
T Vector name-flu strain-gene". Thus, a construct wherein the NP gene 
of the A/PR/8/34 strain is cloned into the expression vector VI Jneo. the 
name it is given herein is: "VI Jneo-PR-NP". Naturally, as the etiologic 
strain of the virus changes, the precise gene which is optimal for 
incorporation in the pharmaceutical may change. However, as is 
demonstrated below, because cytotoxic lymphocyte responses are 
induced which are capable of protecting against heterologous strains, the 
strain variability is less critical in the novel vaccines of this invention, as 
compared with the wnole virus or subunit polypeptide based vaccines. 
In addition, because 'he pharmaceutical is easily manipulated to insert a 
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i;?w gene, this is an adjustment which is easily made by the standard 
techniques of molecular biology. 

Because the sequence of nucleoprotein is conserved among 
various strains of influenza, protection was achieved against subsequent 
5 challenge by a virulent strain of influenza A thai was heterologous to 
the slrain from which the gene for nucleoprotein was cloned. 
Comparisons of NP from numerous strains of influenza A have shown 
no significant differences in secondary structure | M. Gummelin ct al . 
Virol. 170, 71. 1989] and very few changes in amino acid sequence |0. 
io T L Qflnnan ^^ L v jroj. 65. 3704. 1991 |. Over an approximately 50 
year period, NP in human strains evolved at a rate of only 0.66 amino 
acid changes per year. Moreover, our results which show that 
r \ JJH A/HK/6X-specific CTLs recognize target cells pulsed with the synthetic 

; peptide NP( 147-155) derived from the sequence of A/PR 8/34 NP 

? 15 indicate that this H-2K d -resiricied CTL epitope has remained 

t\ ^ functionally intact over a 34 year span (see Figure 2). It should be 

-i noted als0 lhal where the 8 en e encodes a viral surface antigen, such as 

[ * hemagglutinin or even neuraminidase, a significant neutralizing 

i humoral (antibody) immune response is generated in addition to the 

La_- 20 verv important cytotoxic lymphocyte response. 

^ i m - injection of a DN A expression vector encoding a Ijf 
conserved, internal protein of influenza A resulted in the generation of 
significant protective immunity against subsequent viral challenge, in 
y^crt^ particular. NP-specific antibodies and primary CTLs were produced. , 

gSr-w 25 NP DNA imm "n'2ation resulted in decreased viral lung titers, inhibition ^2 

of weight lovs, and increased survival, compared to controls. The 
protective immune response was not mediated by the NP-specific 
antibodies, as demonstrated by the lack of effect of NP antibodies alone . . 

(see Example 4) in combating a virus infection, and was thus likely due 2 
30 to NP-specific cellular immunity. Moreover, significant levels of 

primary CTLs directed against NP were generated. The protection was 
against a virulent strain of influenza A that was heterologous to the 
strain from which the DNA was cloned. Additionally, the challenge 
strain arose more than three decades after the A/PR/8/34 strain. 1 y 
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indicating that immune responses directed against conserved proteins _ 
can be effective despite the antigenic shift and drift of the variable 
envelope proteins. Because each of the influenza virus gene products 

exhibit some degree of conservation, and because CTLs may be 

5 generated in response to intracellular expression and MHC processing, it m 
is predictable that other influenza virus genes will give nse to responses 
analogous to that achieved for NP. Thus, many of these genes have 
been cloned, as shown by the cloned and sequenced junctions in the . , 

expression vector (see below) such that these constructs are prophylactic . [ 

10 agents in available form. 

Therefore, this invention provides expression vectors 
encoding an influenza viral protein as an immunogen. The invention 
offers a means to induce cross-strain protective immunity without the 
need for self-replicating agents or adjuvants. In addition, immunization 
15 with DNA offers a number of other advantages. First, this approach to 

vaccination should be applicable to tumors as well as infectious agents. * 

since the CD8+ CTL response is important for both pathophysiological 
processes |K. Tanaka etol.. Annu. Rev. Immunol. 6, 359 (1988)|. 
Therefore, eliciting an immune response against a protein crucial to the 
20 transformation process may be an effective means of cancer protection < ^ 
or immunotherapy. Second, the generation of high titer antibodies 
against expressed proteins after injection of viral protein (NP and 
hemagglutinin) and human growth hormone DNA, |see for example D.- 
c. Tang et a/.. Nature 356. 152, 1992|, indicates this is a facile and ^ 
25 highly effective means of making antibody-based vaccines, either TT -^ r 
separately or in combination with cytotoxic T-lymphocyte vaccines 
targeted towards conserved antigens. 

The ease of producing and purifying DNA constructs w>^ , 
compares favorably with traditional protein purification, facilitating the — * 
30 generation of combination vaccines. Thus, multiple constructs, for 
example encoding NP, HA, Ml. PB1 . NSI , or any other influenza virus 
gene may be prepared, mixed and co-administered. Finally, because 
protein expression is maintained following DNA injection |H. Lin ct ai. 
Circulation »2, 2217 (1990); R.N. Kitsis et aL Proc. Natl, Acad. Sci. 
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• (USA) 88, 4138 ( 1991 ); E. Hansen ct ul . FEBS Leu. 290. 73 ( 1991 ): 
S. Jiao ct at.. Hum. Gene Therapy 3, 2! (1992); J.A. Wolff ct aL 
Human Mol. Genet. 1, 363 (I992)|. the persistence of B- and T-cell 
memory may be enhanced |D. Gray and P. Matzinger, J. Exp. Med. 

«T"fl 5 174. 969 (1991); S. Oehen ct al.. ibid. 176, 1273 (!992)|. thereby 

£ engendering long-lived humoral and cell-mediated immunity. 

The standard techniques of molecular biology for 
preparing and purifying DNA constructs enable the preparation of the 
^ NA therapeutics of this invention. While standard techniques of 
10 molecular biology are therefore sufficient for the production of the 
products of this invention* the specific constructs disclosed herein 
provide novel therapeutics which surprisingly produce cross-strain 
fl protection, a result heretofore unattainable with standard inactivated 

whole virus or subunit protein vaccines. 
15 The amount of expressible DNA to be introduced to a 

vaccine recipient will depend on the strength of the transcriptional and 
«T~~^ translational promoters used in the DNA construct, and on the 

immunogenicity of the expressed gene product. In general, an 
immunologically or prophylactically effective dose of about I |ig to 1 
r 20 mg, and preferably about 10 jig to 300 ng is administered directly into 

muscle tissue. Subcutaneous injection, intradermal introduction, 
impression through the skin, and other modes of administration such as 
intraperitoneal, intravenous, or inhalation delivery are also 
contemplated. It is also contemplated that booster vaccinations are to be 

• -r 25 provided. 

The DNA may be naked, that is, unassociated with any 
proteins, adjuvants or other agents which impact on the recipients 
immune sytem. In this case, it is desirable for the DNA to be in a 

• I physiologically acceptable solution, such as, but not limited to, sterile 

30 saline or sterile phosphate buffered saline. Alternatively, the DNA may 
be associated with liposomes, such as lecithin liposomes or other 
| ^ liposomes known in the art, as a DNA-Iiposome mixture, or the DNA 

• m may be associated with an adjuvant known in the art to boost immune 



responses, such as a protein o«" other carrier. Agents which assist in the 
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> cellular uptake of DNA, such as, but not limited to, calcium ions. m;*y < 

"'T'"^ also be used to advantage. These agents arc pnerally r-fened to as 

pharmaceutical^ acceptable carriers. 

Accordingly, one embodiment of this invention is a method 

*rj| 5 for using influenza virus genes to induce immune responses in vivo, in a ♦ 5~ i 

vertebrate such as a mammai, including u hum,.n. which comprises* 

a) isolating the gene, ; 
b; linking the gene to regulatory sequences such that the gene is 
operatively linked to control sequences which, when introduced into a 
10 living tissue direct the transcription initiation and subsequent translation 
of the gene, 

c) introducing the gene into a living tissue, and 
f jj d) optionally, boosting with additional influenza gene. 

A preferred embodiment of this invention is a method for 
15 protecting against heterologous strains of influenza virus. This is 

accomplished by administering an immunologically effective amount of 
i~ a nucleic acid which encodes a conserved influenza virus epitope. For 

: example, the entire influenza gene for nucleoprotein provides this 
function, and it is contemplated that coding sequences for the other 
A 2c influenza genes and portions thereof encoding conserved epitopes within 

T - these genes likewise provide cross-strain protection., :F ^ rrr i 

In another embodiment of this invention, the DNA vaccine 
encodes human influenza virus nucleoprotein, hemagglutinin, matrix. 
.! nonstructural, or polymerase gene product. Specific examples of this ^ 

25 embodiment are provided below wherein the human influenza virus . 
gene encodes the nucleoprotein, basic polymerase!, nonstructural 
protein 1, hemagglutinin, matrix 1, basic polymerase! of human 
influenza virus isolate A/PR/8/34, the nucleoprotein of human influenza 
< virus isolate A/Beijing/353/89, the hemagglutinin gene of human 

30 influenza virus isolate A/Texas/36/9 1 . or the hemagglutinin gene of 
human influenza virus isolate B/Panama/46/90, 

In specific embodiments of this invention, the DNA 
construct encodes an influenza virus gene, wherein the DNA construct is 
capable of being expressed upon introduction into animal tissues in vivp 
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and generating an immune response against the expressed product of the 
encoded influenza gene. Examples of such DNA constructs are: 



') VUneo-RJ-NP. SEQ. ID:20: and SEQ. ID:2I:. 

j) V|Jneo-TX-NP. SEQ. ID:24 and SEQ. ID:25: and 

»•) VlJneo-PA-HA. SEQ. !D:26: and SEQ. ID:27:. 



The following examples are provided to further define the 
invention, without limiting the invention to the specifics of the 
examples. 



a) 
b) 
0 
d) 
e) 
0 

g) 
h) 



VIJ-PR-NP. SEQ. ID: 1 2:. 
VU-PR-PBI. SEQ. ID: 1 3:. 
VIJ-PR-NS.SEQ. ID: 1 4:, 
YltPRjJiA._SEQ.LD: 1 5:. 
V1J-PR.PB2. SEQ. ID: 1 6: 
VIJ-PR-MI. SEQ. ID: 17:. 



pnRSV-PR-NP, 
Vl-PR-NP. 
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EXAMPLE 1 

PREPARATION OF DNA CON STRUCTS ENCODING HUMAN 
INFLUENZA VI RUS PROTEINS: 

iV pnRSV-PRNP: The A/PR/8/34 NP gene was isolated from pAPR- 
501 |J.F. Young et ai. in The Origin nf Pandemic Influenza Viruses. 
W.G. Laver. Ed. (Elsevier Science Publishing Co., Inc.. 1 983)1 as a 
1565 base-pair EcoRI fragment, Klenow filled-m and cloned into the 
Klenow filled-in and phosphatase-treated Xbal site of pRSV-BL. pRSV- 
BL was constructed by first digesting the pBL-CAT3 |B. Luckow and 
G. Schutz, Nuc. Acids Res. 15. 5490 ( I987)| vector with Xho I and Nco 
I to remove the CAT coding sequence and Klenow filled-in and self- 
ligated. The RSV promoter fragment was isolated as an Nde I and 
Asp718 fragment from pRshgmx |V. Gieuere et aL Nature 330. 624 
( 1987)|, Klenow filled-in and cloned into the Hindlll site of the 
intermediate vector generated above (pBL-CAT lacking the CAT 
sequence). 

n) Vl-NP: The expression vector VI was constructed from pCMVIE- 
AK1-DHFR IY. Whanc et ai. J. Virol. 61. 1796 (1987)). The AKI and 
DHFR genes were removed by cutting the vector with EcoR I and self- 
ligating. This vector does not contain intron A in the CMV promoter, 
so it was added as a PGR fragment that had a deleted internal Sac 1 site 
| at 1855 as numbered in B.S. Chapman et a/.. Nuc. Acids Res. 19, 3979 
( 1991 )|. The template used for the PCR reactions was pCMVintA-Lux. 
made by ligating the Hind III and Nhe I fragment from pCMV6al20 
| see B.S. Chapman et aL. ibid.,] which includes hCMV-lEl 
enhancer/promoter and intron A, into the Hind III and Xba I sites of 
pBL3 to generate pCMVlntBL. The 1881 base pair luciferase gene 
fragment (Hind III-Sma I Klenow filled-in) from RSV-Lux |J.R. de Wet 
et a/.. Mol. Cell Biol. 7, 725, 1987 J was cloned into the Sal I site of 
pCMVlntBL, which was Klenow filled-in and phosphatase treated. 

The primers that spanned intron A are: 
5' primer, SEQ. 1D:5: 
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5-CTATATAAGCAGAG CTrGTTTAG-.V. 
The 3* primer. SEQ !D:6: 

5 -GVAGCAAAGATCTAAGGACGGTGA CTGCAG-3'. 

The pnmers used to remove ihe Sac I site are: 
sense pnmer. SEQ ID:7: 

5-GTATGTGTCTGAAAATGAGCQIGGAGATTGGGCTCGCAC-3' 

and the amisense primer, SEQ ID:8: 

5'- 

GTGCGAGCCCAATCTCCACGCTCATTTTCAGACACA TAC-3'. 

The PCR fragme.it was cut with Sac I and Bgl II and insened into 
ihe vecnr which had Heen cut with the same enzymes. The NP cene 
froi.i Influenza A (A/PR/R/34) was cut out of pAPR50l |J.F. Youn e et 
al.. in The Origin of Pandemic Influenza Viruses. W.G. Laver, Ed. 
(EIrevier Science Publishing Co.. Inc.. 19«3)| as a 1565 base-pair EcoR 
I fragment and blunted. It was insened into VI at the blunted Bgl II 
site, to make VI -NP. Plasmids were propagaied in E. coli ™d purified 
by the alkaline lysis method |J. Sambrook. E.F. Fritsch. and T . 
Maniatis. in Molecular Cloning A Laboratory Manual, second edition 
(Cold Spring Harbor Laooratory Press. 1989)|. CsCI bandsd DNA was 
ethanul precipitated and resuspended in 0.9% saline at 2mg/ml for 
injection. 



EXAMPLE ? 

LYMro<y?-{S^ AN |NFI " FN7 ^ V,RI,S rYTr>Tn yi r T - 

Cytotoxic T lymphocytes were generated from mice that had been 

AT^lt ed o " h DNn or that had covered from infection with 
A/HK/6S. Control cultures wer- denved from mice that had been 
injected with rontrol DNA and froi i uninjeued mice. Single cell 
suspensions wee prepared, red blood cells were removed by lysis with 
ammonium chloride, and spleen cells were cvltured in RPMI 1640 
supplemented with 10% Fetal Bovine Serum (FBS), 100 U/mi penicillin 
100 Kg/ml streptomycin, 0.01 M HEPES (pH 7.5), ai.d 2 mM I- 
glutamine. An equal number of autologous, irradiated stimulator cells 
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pulsed for 60 min. with the H-2K<i-restricted peptide epitope NP147- 
155 (Thr Tyr Gin Arg Thr Arg Ala Leu Val, SEQ ID:9:) at 10 mM or 
infected with influenza A/PRS/34 (HIND, and 10 U/ml recombinant 
human IL-2 (Cellular Products, Buffalo. NY) were added and cultures 
were maintained for 7 days at 37°C with 5% C02 and 100% relative 
humidity. In selected experiments, rhIL-2 ( 20 U/ml) and Con A (2 
uu/ml) were added in place of autologous stimulator cells. Cytotoxic T 
cell effector activity was determined with PR 1 5 cells labeled for 3 hr 
with 60 pCi of 5, Cr per 10 6 cells, and pulsed as above with NPI47- 
155, or infected with influenza A/Victoria/73 (H3N2). Control targets 
(labeled PS 15 cells without peptide or virus) were not lysed. Targets 
were plated at 1 x I0 4 cells/well in round-bottomed 96-well plates and 
incubated with effectors for 4 hours in triplicate. Supernatant (30 \x\) 
was removed from each well and counted in a Betaplate scintillation 
counter (LKB-Wallac, Turku, Finland). Maximal counts, released by 
addition of 6M HCI, and spontaneous counts released without CTL were 
determined for each target preparation. Percent specific lysis was 
calculated as: | (experimental - spontaneous )/( maximal - spontaneous)! X 
100. 

EXAMPLU 

PRODUCTION OF NP SPECIFI C m .* AND ANTIBODIES IN 



BALB/c mice were injected in the quadriceps of both legs with piasmid 
cDNA encoding A/PR/8/34 nucleoprotein driven by either a Rous 
sarcoma virus or cytomegalovirus promoter. 

25 *T?5? : 

Expression vectors used were: 

i) pnRSV-PRNP . see Example I : . 

ii) Vl-NP . see Example I. fiiSj^ < 

30 Animals used were female BALB/c mice, obtained from Charles River 
Laboratories, Raleigh, NC. Mice were obtained at 4-5 weeks of age and 
were initially injected with DNA at 5-6 weeks of age. Unless otherwise _ A ^ 

noted, injections of DNA were administered into the quadriceps muscles , i r 

of both legs, with each leg receiving 50 \i\ of sterile saline containing 



•20- 



1 89721 A 



lOO pgofDNA. Mice received 1 , 2 or 3 .sets of inoculations at 3 week- 
intervals. Negative control animals were un.njec.ed or injected with the 
appropriate blank vector lacking the inserted NP gene. 

The presence or absence of NP plusmid DMA in the muscles of 
sdected animals was analyzed by PCR (F.g. I). Plasmid DNA (either 
NP or luciferase DNA) was detected in 44 of 48 injected muscles tested 
In mice mjected with luc.fera.se DNA. protein expression was 
demonstrated by luciferase activity recovered in muscle extracts 

TZlZVZ T h0dS kn ° Wn in ,he a " 1 J - A - Wo,7f " "'•. Science 2477 
1465 (1990); G. Ascadi et al. Nature 352. 815 (1991); H Lin ct al 

rn^'r 17 (, " 0): R>N - Ki,SiS " aL Proc - Natl - Ac*. Sc*i. 

(USA) 88.4138 (1991); E. Hansen ct al.. FEBS Lett. 290 73(1991)- 

S. J.ao ct al.. Hum. Gene Therapy 3. 21 (1992); J.A. Wolff ct al 

Human Mol. Genet. 1. 363 (1992) |. 

NP expression in muscles after injection of NP DNA was below 
the hm.t of detection for Western blot analysis « I ng) but was 
indicated by the production of NP-specific ant.bodies (.see Fig 2) For 
analysis of NP-specific CTL generation, spleens were removed 1-4 
weeks following immunization, and spleen cells were restimulated with 
recombmant human IL-2 plus autologous spleen cells that had been 
either mfected with influenza A (A/PR/8/34) or pulsed with the H-2K<J- 
restncted nucleoprotein peptide epitope (NP residues 147-155. see O K 

viX nflt Na,Ur : 348 ' (1990)) - Sp,Cen Ce " S -th 
v.rally-mfected or w„h epitope-pulsed syngeneic cells were capable of 

killing nucleoprotein epitope-pulsed target cells (Fig. 3A) This 

indicates that i.m. injection of NP DNA generated the appropriate NP- 

denved pept.de in association with MHC class I for induction of the 

LT* u rc r nSe - 71,6X6 CTLS WCre Ca P able of and 

tar^'cH . i T nucleoprotein pept.de epitope and v in. „y- infected 
defc h ■ dem ° nMra,es their ^*™y «* well as their ability ,o 
detect the ep.tope generated naturally in infected cells. 

A more stringent measure of immunogenic^ of the NP DNA 
vacc.ne was the evaluation of the primary CTL response. Spleen cells 
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taken from NP DNA-injected mice were activated by exposure to Con A 
and IL-2, but did not undergo m viHQ restimulation with antigen- 
expressing cells prior to testing their ability to kill appropriate targets. 
Splenocytes from mice immunized with NP DNA, when activated with 

5 Con A and IL-2 in vitro without antigen-specific restimulation, lysed 
both epitope-pulsed and virally-infected target cells (Fig. 3C and D). 
This lytic activity of both the restimulated and activated spleen cells 
compares favorably with that of similarly treated splenocytes derived 
from mice that had been previously infected with influenza A/HK/68. a 

10 virulent mouse-adapted H3N2 strain that arose 34 years alter A/PR/8/34 
( H : M ). Thus, injection of NP DNA generated CTL that were specific 
for the nucleoprotein epitope and that were capable of identifying the 
naturally processed antigen. 

Injection of mice with NP DNA resulted in the production of high 

15 titer anti-NP IgG antibodies (Fig. 2). Generation of high titer IgG 

antibodies in mice is thought to require CD4+ T cell help (P. Vieira and 
K. Rajewsky. Int. Immunol. 2, 487 (1990); J. J. Donnelly vt a/.. J. 
Immunol. 145. 3071 (1990)). This shows that NP expressed from the 
plasmid in situ was processed for presentation by both MHC class I and 

20 class II. 
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EXAMPLE 4 

PROTECTION O F MIPE UPON CHALLENGE WITH VIRULENT 
HUMAN INFLUENZA VIRUS: 

The role of NP antibodies in protective immunity to influenza is 
shown by two approaches: First, viral lung titers were determined in a 
passive-transfer experiment. Female BALB/c mice > 10 weeks of age 
were injected intrapentoneally with 0.5 ml of pooled serum (diluted in 
2.0 ml of PBS) from mice that had been injected 3 times with 200 pg of 
NP DNA. Control mice were injected with an equal volume of pooled 
normal mouse serum, or with pooled serum from mice that had 
recovered from infection with A/HK/68, also in 2.0 ml of PBS. The 
dose of A/HK/68 immune serum was adjusted such that the ELISA titer 
of anti-NP antibody was equal to that in the pooled serum from NP 
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DNA-injected rn.ce. Mice were challenged unanes.hetized .„ a blinded 
fashion with 0 4 TCID^n of A/HK/*« -> w , onnucu 
..n^ f u • 50 o'A/HK/6X 2 hours utter verum injection, 
-nd a further mjection of an equal amount ol ^crum was civen 3 days 

"«s m TCID50 per mi were determined as described by Moran , j * 
Immunol. 146, 321. 1991 J. 

mte, ,h^ iVe ^--^-^ Wi,h ""i-NP am.sen.rn. obtained from 
Z Z T 7T? Wj,h NP ° NA - Tnd ,hen with 
t . a'/uJ? ngeS WCre Perf0nT1ed w,th a ™use-adapted 

used 1 I h Mbawuike - f*™^ commun.cat.on). The viral seed stock 
used was a homogena.e of lungs from mfec.ed mice and had an 
-n ecnv, y „ ter of 5 x 10 8 TCID50/m| Qn MDCK ^ * « 

■iter determinations and we.ght loss studies, viral challenges were 
performed ,n blinded fashion by intranasal instillation of ">0 7 
conta.n.ng )0 4 TC | D » onto the nares of unanesthetized mL w hich 

BAtfi/cmif 'I V ^ inf f° n ° f ' UngS Whh ^ but - «* «n 
BALB/c mice JYetter. R.A. ui. Infect. Immun.ty 29. 654. 19801 !n 

k,r»m- -4 . ° 6 nareS " nder ,u " aneMhu>ia with 

««^7r^ x . y ; infec,ion of anes,he,l2ed mice 

causes a rap.d lung .nfect.on which is lethal to 90-100% of 

M8T?S r C u ,J c L SChU ' man and E ' D - Ki,b0um - >■ ^P. ^d. 

76 R A I f 7' R J " Sydiskis " ' nfeCt - Immuni,y P 14. 696. 
' R A - Ye,ter '"'*«. Immunity 29. 654. 19801 Viral lun, 

ATCC. R ockville . MD) in 96-we.l plates as described by Moran l T 

, co I i tha , , d recejyed ^^^2^ 

SEM n-4) As a po.s.t.ve control, .serum was collected from mice that 
had been infected with A/HK/hH ~ ■ , . at 

m.c«. After a cWlel^^^'^:^ 1 ^ »° *" ur 

uucnge with A/HK/6K. no viral infection was detectable 
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m (heir lungs, indicating thai this scrum against whole virus was 
completely protective for challenge with the homologous virus. Second, 
naive mice were immunized with purified NP (5 Mg/leg. 3 times over a 
period of ft weeks) by i.m. injection. These mice generated high liter 
NP-specific antibodies bul failed lo produce NP-specitic CTI.s and were 
not protected trom a lethal dose ot \iniv Therefore, unlike the 
neutralizing ettect of antibodies to whole virus, eireulaiing anti-NI' led 
did not confer protective immunity lo the mice. 

The in vivo protective efficacy of NP DNA injections was 
evaluated to determine whether a cell-mediated immune response was 
functionally significant. One direct measure of the effectiveness of the 
immune response was the ability of mice first immunized with NP DNA 
to clear a progressive, sublethal lung intection wiih a heterologous 
strain of influenza (A/11K/6X: II3N2). Viral challenges were conducted 
as described above. Mice immunized wtih NP DNA had viral lung 
titers after challenge that were three orders of magnitude lower on day 
7 ( 1.0 ± 1.0: mean ± SEM; n=4) than those of control mice that had not 
been immunized (4.1 ± 0.3; mean ± SEM: n=4). or that had been 
immunized with blank vector (4.5 ± 0.0: mean ± SEM: n-4). In fact, 
th-ee of four immuniz.ed mice had undetectable levels of virus in their 
lungs, while none of the controls had cleared virus at this point. The 
substantial difference in the viral lung titers seen in this experiment and 
six others demonstrates that the immune response accelerated clearance 
of the vims. The lack of protective effect of the blank vector control 
confirms that DNA per se was not responsible for the immune response. 
Moreover, because the challenge strain of virus. A/HK/68 (a virulent, 
mouse-adapted H3N2 strain), was heterologous to the strain A/PRK/34 
(HIN1) from which the NP gene was cloned, the immunity was clearly 
heterotypic. 

As a measure of virus-induced morbidity, the mass loss was 
monitored in mice that were infected sublethally with influenza 
A/HK/68 following immunization with NP DNA (Fig. 4). Uninjected 
mice or mice injected with the blank vector were used as controls. Mice 
immunized with NP DNA exhibited less weight loss and a more rapid 
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return to their pre-challenge weights following influenza A infection 
compared to control mice. 

Intranasal infection of fully anesthetized mice with influenza A 
causes rapid widespread viral replication in the lung and death in <S-X 
days if the infection is not controlled (R.A. Yetter r/ d Infect 
Immunity 29. 654 <|9X0». Survival of mice challeneed by this method 
reflects their abil.ty to limit the severity of an acute lung infection. The 
capacity of mice to survive challenge with two differentMrains of 
influenza. A/HK/68 (see Fig. 5) and A/PR/8/34. was studied Mice 
previously immunized with NPDNA showed a 90% survival rate 
compared to 0% in blahrvector injeded Tnd 20% ihlmmjFcted comrol 
animals (Fig. 5). In a total of 14 such studies, mice immunized with NP 
DNA showed a. leas, a 50% greater survival rate than controls. Thus 
the ability of the NP DNA- induced immune response to effectively 
accelerate recovery and decrease disease caused by a v.rus of a different 
srra.n ansing 34 years later supports the rationale of targeting a 
conserved protein for the generation of a cytotoxic T-lymphocyte 
response. 



• A 20 EXAMPI F 5 

Jji 'STATION OF fiF.NFS FROM t NF| ,, EN7A VIB , K A T po . 

ATCcte?9r) h r°, ld . er '"""/a" vinJJt s,rains are on de P° sit *e 
A icl (the 1990 Catalogue of Anima Viruses & Antisera ChlamwW 

» t JET ' 6,h *■ 20 **** A 

A. Viral St rains and Purification - 
,: N Influenza strains which compri.se the current. 1992 flu season 

^ vaccme were obtained from Dr. Nancy j. Cox a, the Division of Viral 

30 and Rickettsial Diseases. Centers of Disease Comrol. Atlanta. GA 
These strains are: (I) A/Beijing/353/89 (H.1N2): (2) A/Texas/36/9 1 
IHINI): and (3) B/Panama/45/90. 
- * These viruses w *re grown by passage in 9- to 1 1 -day-old 

Z^ZZT ChiCke " ee8S ( l00 - 200 ^ vin.1 preparation) and puntled 
by a mod,ficat.on of the method described by Massicot et al. ( Virology 

3 



^ 3 
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101 . 242-249 ( 1980)). In brief, vims suspensions were clarified by " 
centrifugation at 8000 rpm (Sorvall RC5C centrifuge, GS-^ rotor) and 
then pelleted by centrifugation at 18,000 rpm for 2 h in a Beckman 
Type 19 rotor. The pelleted virus was resuspended in STE (0.1 M 
5 NaCI, 20 mM Tris. pH 7.4, I mM EDTA) and centrifuged at 4.000 rpm ^ L { 

for 10 min (He mile Z 360 K centrifuge) to remove aggregates. 2 ml nt 
supernatant was layered onto a discontinuous sucrose gradient consisting 

of 2 ml of 60% sucrose overlayed with 7 ml of 30% sucrose buffered 

with STE and centrifuged at 36,000 rpm (SW-40 rotor. Beckman) for . I 

10 90 minutes. Banded virus was collected at the interface, diluted 1 0-fold 
with STE. and pelleted at 30,000 rpm for 2 h (Beckman Ti45 rotor). 
The pelleted virus was then frozen at -70°C. * ^ 

R Extraction of V iral RNA and cDNA Synthesis: 
15 Viral RNA was purified from frozen virus b> guanidinium 

isothiocyanate extraction using a commercially available kit (Stratagene. ^ 

La Jolla, CA) employing the method of Chomczynski and Sacchi (Anal T \ 
Biochem . 162 . 1 56-159 ( 1987)). Double-stranded cDNA was prepared 
from viral RNA using a commercially available cDNA synthesis kit 
' 20 (Pharmacia) as directed by the manufacturers with several 

1 * W ' modifications. The first strand of cDNA was primed using a synthetic 

^7? oligodeoxyribonucleotide, 5-AGCAAAAGCAGG-3', SEQ. 1D.30:. 

which is complementary to a conserved sequence located at the 3 1 - 
terminus of the viral RNA. This sequence is common to all type A 
^ 25 influenza viral RNAs. After synthesis of first and second strands of 

' cDNA the reactions were extracted with phenol/chloroform and ethanol 

precipitated rather than continuing with the kit directions. These blunt- 
ended cDNA's were then directly ligated into VUneo vector which had 
v> t been digested with the Bglll restriction enzyme, blunt-ended with T4 

30 DNA polymerase, and treated with calf intestinal alkaline phosphatase. 

To screen for particular full-length viral genes we used synthetic 
oligodeoxyribonucleotides which were designed to complement the 3'- 
terminus of the end of the translational open reading frame of a given 
viral gene. Samples which appeared to represent full-length genes by 
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restriction mapping and .sire determination on ugaro.se electrophoresis 
gels were verified by dideoxynucleotide sequencing of both junctions of 
■he v.rul gene with VI j neo . The sequence junctions for each gene 
cloned from these viruses is given below , n Example 8. 

Similar .strategies were used for cloning cDNA's from each of the 
viruses named above except that for B/Panama/45/90. wh.ch does not 
nave common sequences at each end of viral RNA. a mixture of 
oligodeoxyribonucleotides were used to prime first strand cDNA 
synthesis. These primers were: 

n\ ^AGAAGCGGAGC-3', SEQ. ID:3I: for PB1 and PB2: 
5 -AGCAGAAGCAGAGCA-3\ SEQ. ID:I9: for NS and HA- 
• ) 5 - AGCAGAAGCACGCAC-3'. SEQ. ID:22: for M: and 
(4) 5 -aGCAGAAGCACAGCA.3'. SEQ. ID- '3- f or NP 



V|JEXPRF^,n^v I : CrnR £ f A ^^, 

Our purpose in creating VI j was to remove the promoter and 
t^nscnpuon .emanation elements from our vector, V| i ™ vino 
pldce them within a more defined context, create a more comoac 
vector and to i improve plasmid purification yield' P 

VIJ is derived from vectors VI, (see ExamDle n anrf ntine 
commercially available plasmid. VI was widi S^l fffiJoil 

restrict™ enzymes producing two fragment of DNA Thetmane?o 

normone (BGH) transcription termination elements which enmmi rh- 
expression of helerolocous genes (SEO id-ih!, * n,c .J c °" trol the 

puc l x was chosen to provide the "baclchnn*" nftK ttfl .. 
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agarose electrophoresis gel, blunt-ended with the T4 DNA polymerase , 
treated with calf intestinal alkaline phosphatase, and ligated to the 
CMVintA/BGH element described above. Plasmids exhibiting either of 
two possible orientations of the promoter elements within the pUC 
backbone were obtained. One of these plasmids gave much higher 
yields of DNA in F. coli and was designated V I J (SEQ. ID: 10:). This 
vector's structure was vf rified by sequence analysis of the junction 
regions and was subsequently demonstrated to give comparable or 
higher expression of heterologous genes compared with VI . 

EXAMPLE 7 

INFLUENZA VIRUS GENE CONSTRUCTS IN EXPRESSION 
VECTOR VI J: 

Many of the genes from the A/PR/8/34 strain of influenza virus 
were cloned into the expression vector VI J. which, as noted in Example 
4. gives rise to expression at levels as high or higher than in the V I 
vector. The PR8 gene sequences are known and available in the 
GENEBANK database. For each of the genes cloned below, the size of 
the fragment cloned was checked by sizing gel, and the GENEBANK 
accession number against which partial sequence was compared are 
provided. For a method of obtaining these genes from virus strains, for 
example from vims obtained from the ATCC (A/PR/8/34 is ATCC VR- 
95; many other strains arc also on deposit with the ATCC), see Example 
5. 

A. Subclonin? the PR8 Gen es into VI J: 
I . NP gene 

The NP gene was subcloned from pAPR501 (J.F. Young, 
U. Desselberber, P. Graves. P. Palese, A. Shatzman, and M. Rosenberg 
( 1983), in The Origins of Pandemic Influenza Viruses, ed. W.G. Laver, 
(Elsevier, Amsterdam) pp.129-138). It was excised by cutting 
pAPRSOt with EcoRI, the fragment gel purified, and blunted with T4 
DNA Polymerase. The blunted fragment was inserted into VI J cut with 
Bgl II and also blunted with T4 DNA Polymerase. The cloned fragment 
was 1.6 kilobases long. 
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2. NS 

The NS gene was subcloned from pAPRSOl (J.F. Young 
U. Desselberber. P. Craves. P. Palese. A. Shatzman. and M. Rosenberg 
( i? 83) - in The Origins of Pandemir In fluenza Virmes ed. W.G. Laver. 
(Elsevier. Amsterdam) pp. 1 29- 1 38). It was exci.-ed by cutting 
pAPRROI with EeoRl. the fragment gel purified, and blunied\viih T4 
DNA Polymerase. The blunted fragment was inserted into VIJ cut with 
Bgl II and also blunted with T4 DNA Polymerase. The cloned fragment 
was 0.9 kilobases long (the complete NS coding region including NSI 
and NS2). — — — 

3. HA 

The HA gene was subcloned from pJZ 1 02 (J.F Youne U 
Desselberber. P. Graves. P. Palese. A. Shatzman. and M. Rosenberg 
(1983). in The Origins of Pandemic Infl uenza Virm^ e d. W.G. Laver. 
(Elsevier. Amsterdam) pp. 1 29- 1 38). It was excised by cu-ting pJZl 02 
with Hind III. the fragment gel purified, and blunted with T4 DNA 
Polymerase. The blunted fragment was inserted into VIJ cut with Bgl 
II and also blunted with T4 DNA Polymerase. The cloned fragment 
was 1.75 kilobases long. 

4. £j3i 

. The PB I gene was subcloned from pGem I -PB 1 (The 5' and 

3 junctions of the genes with the vector were sequenced to verify their 
identity. See J.F. Young. U. Desselberber. P. Graves. P. Palese A 
Shatzman. and M. Rosenberg (1983). in The Origins nfP.nH.rn,. 
Influenza Viruses, ed. W.G. Laver. (Elsevier. Amsterdam) pp.1 29- 
138). It was excised by cutting pGem-PBl with Hind III. the fragment 
gel purified, and blunted with T4 DNA Polymerase. The blunted 
fragment was inserted into VIJ cut with Bgl II and also blunted with T4 
DNA Polymerase. The cloned fragment was 2.3 kilobases long. 

5. ES2 

The PB2 gene was subcloned from pGemI-PB2 (The V and 
i junctions of the genes with the vector were sequenced to verify their 
identity. See J.F. Young. U. Desselberber. P. Graves. P. Palese A 
Shatzman. and M. Rosenberg (1983). in The Origin, of P»^ Tm r * 
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Influenza Viruses, ed. W.G. Laver. (Elsevier Amsterdam) pp.129- 
138). It was excised by cutting pGem-PB2 with BamH I. and gel 
purifying the fragment. The sticky-ended fragment was inserted into 
VI J cut with Bgfll. The cloned fragment was 2.3 kiloba.ses long. 

6. ML 

The Ml gene was generated by PGR from the plasmid 
p8901 MITE. The M sequence in this plasmid was generated by PCR 
from pAPR701 (J.F. Young. U. Desselberber, P. Graves, P. Palese, A. 
Shatzman, and M. Rosenberg (1983), in The Origins of Pandemic 
Influema Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.129- 
1 38.). usinc the oligomer 5* -GGT ACA AGA TCT ACC ATG CTT 
CTA ACCMjAG GTC-3* . SEQ. ID:3:. for the "sense" primer and the 
olicomer .V-CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT 
CTG CAC-3', SEQ- ID:4:, for the "anti-sense" primer. The PCR 
fragment was gel purified, cut with Bgl II and ligated into VI J cut with 
Bgl II. The cloned fragment was 0.7 kilobases long. The amino 
terminus of the encoded Ml is encoded in the "sense" primer shown 
above as the "ATG" codon, while the Ml translation stop codon is 
encoded by the reverse of the "TCA" codon, which in the sense 
direction is the stop codon "TGA". 

B. Influenza Gene-VU Expression Constructs: 

In each case, the junction sequences from the 5' promoter region 
(CMVintA) into the cloned gene is shown. The sequences were 

Generated by sequencing off the primer: 

CMVinta primer 5'- CTA ACA GAC TGT TCC TTT CCA TG- 3\ 
SEQ. ID:28:, which generates the sequence of the coding sequence. The 
position at which the junction occurs is demarcated by a 7", which does 
not represent any discontinuity in the sequence. The method for 
preparing these constructs is summarized after all of the sequences 
below. Each sequence provided represents a complete, available, 
expressible DNA construct for the designated influenza gene. 

Each construct was transiently transfected into RD cells. (ATCC 
CCLI36), a human rhabdomyosarcoma cell line in culture. Forty eight 
hours after transfection, the cells were harvested, lysed. and western 
blots were run (except for the VIJ-PR-HA construct which was tested in 
mice and gave anti-HA specific antibody before a western blot was run. 
thus obviating the need to run a western blot as expression was observed 
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? ^ft u An ' lbod u y s P ec,f,c the PB I . PB2 and NS proteins was 
provided by Stephen Inglis of the University of Cambridee. who used 
puntied proteins expressed as li-galactosidase fusion proteins to 
generate polyclonal unt.sera. Ant.-NP polyclonal antiserum was 
generated by immunization of rabbits with whole A/PR/8/34 vims 
Anu-MI ant.body is commercially available from B.odesicn as a coat 
um.-fluA antiserum, catalog number B65245G. In each ca'se. a protein 

l in, P w , C ' e J Sl2e WaS ° bserVed< confi ™"S expression in vitro of 
trie encoded influenza protein. 

- - The nomenclature for these construct s-fo I lows-the convention- 
Vector name-flu strain-gene". In every case, the sequence was checked 
against known sequences from GENEBANK for the cloned and 

d , A/PRm A 4 S ene ^ uen «. The b,ological efficacy of each of 
these constructs is demonstrated as in Examples 2. 3. and 4 above: 

^^ma^ " JUNCT,0NS ° F CMV,NTA AND FLU 

5 GTC ACC GTC CTT AG A TC/A A IT CCA GCA AAA GCA GGG 
CMVintA NP.... 

TAG ATA ATC ACT CAC TG A GTG ACA TCA AAA TCA TG 

?' . i V l'l f R .; PR '■ ? F0, F:! * r,FNFR A NK Arr F ^' n N *^ 1 * ' 

5 CM VinU , SSI TGG CAA AA ° GCA AAC 

CAT TTG A AT GGA TGT CAA TCC GAC CTT ACT TTT CTT 
CCC T?A T T G AC C AAA TGC ^^Scm 

5 GTC ACC GTC CTT AGA 1 <JA A IT CCA GCA AAA GCA GGG 
CMVintA NS.... 

JGA CAA AAA CAT AAT GGA TCC AAA CAC tht r.rr 14 r 
CTT TCA GGT AGA TTG CTT TCT TTG GCA TGT CCCCaa 
ACG ACT TGC AGA CCA AGA ACT AGG TCA t! A 
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i VI 1.PR.HA. SF.O. ID:IV.. GEN FRANK ACCESSION #J02143 
S- TCT GCA GTC ACC GTC CTT AGA TCI A GCT TGG AGC AAA 
CMVintA HA... 

AGCAGG GGA AAA TAA AAA CAA CCA AAA TGA AGG CAA 
ACC TAC TGG TCC TGT TAA GTG CAC TTG CAG CTG CAG 
ATG CAG ACA CAA TATGTA TAG GCT ACC ATG CGA ACA 
ATT CAA CC... 

S. V IJ-PR-PB2- SFO. ID: 1 6:. GFNFBANK AC CESSION #J02I53 
«?TTT TCT GCA GTC ACC GTC CTT AGA TCI C CGA ATT CCA 
CMVintA PB2.... 

GCA AAA GCA GGT CAA TTA TATTCA ATA TGG AAA GAA 
TAA AAG AAC TAA GAA ATC TAA TGT CGC AGT CTG CCA 
CCC CGG AGA TAC TCA CAA AAA CCA CCG TGG ACC ATA 
TGG CCA TAA TCA AGA AGT... 

ft V1J-PR-M1, SFO. ID: 1 7:. GF NFBANK ACCESSION M02H5 
S' GTC ACC GTC CTT AGA TCT/ ACC ATG AGT CTT CTA ACC 
CMVINTA Ml 

GAG GTC GAA ACG TAC GTA CTC TCT ATC ATC CCG TCA 
GGC CCC CTC AAA GCC GAG ATC GCA CAG AGA CTT GAA 
GAG TTG ACG GAA GA... 



How FraomenK were joined: 

1. VIJ-PR-NP: Blunted Bglll (vector) to blunted EcoRI (NP) 

2. VIJ-PR-PBI: Blunted Bglll (vector) to blunted HinDlII 
(PBI) 

3. VIJ-PR-NS: Blunted Bglll (vector) to blunted EcoRI (NS I) 

4. VI J-PR-HA: Blunted Bglll (vector) to blunted HinDtll (HA) 

5. VIJ-PR-PB2: Sticky Bglll (vector) to sticky BamHI (PB2) 
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6. Vlj.PR.Mi: sticky BglM (vector) to sticky Belli fMI ) 

Ml was obtained by PCR. us.ne pX90l-MITF , . . 

codr rorM, ^ <nd «■ ™n 

' «n lame-sale feints ^ J ecause . ™* no. be u.sed 

VI J was re^veX d est! 'Yff f ™ ,he P UC ^bone of 
enzymes. The remamS 1 J P ' an - d Eaml 1051 restricii °n 

plasmids with the kanr • r awitn,neV|J backbone and 
were dSj^^j^",^'^?^ derived which 

confirmed by restriction eSzvmi JS i EaCh ? ,hese P lasmids w *» 
the junction regk," Z STh^ g ?"° n T*™' DNA -^fencing of 
plasmid as v7* nipression o Pr0<,UCe si ^i'ar quantities of 
comparable to VI J C V , ft 5 ™ products was a '*° 
V »-#3. re ferred^^ 

- — - « W^et v,| 

BS*^ and 
junction sequences from the V ™U IJnea in each case - 'he 
cloned gen? was s^*^^" <CMVin,A) into the 

K^ ic L^te ' ^ C ^CC TTT CCA TO- V 
This is coli^^^JSSri ° f ,he COdin S «quence: ' 
-hich is also^how ?m< ■ S?S?Sf Se4 r Ce - ,hC junc ' ion °<" 
BGH primer 5'- GGA GTG OCA CC? fS^r U " , J 8 c l ^ pnmer: 

for cli^^^^,^ -Muences from GENEBANK 
Huencea genes from these or other influenza isolates. 
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The position at which the junction occurs is demarcated by a 7". which 
does not represent any discontinuity in the sequence. In the case of the 
VIJneo-TX-HA junction, the sequencing gel was compressed and the 
initial sequence was difficult to read. Therefore, the first H bases at that 
junction are shown as "N ". The first "ATG" encountered in each 
sequence is the translation initiation codon for the respective cloned 
gene. Each sequence provided represents a complete, available, 
expressible DNA construct for the designated influenza gene. The 
nomenclature follows the convention: "Vector name-flu strain-gene". 
The biological efficacy of each of these constructs is shown in the same 
manner as in Examples 2. 3. and 4 above: 

SEQUENCE ACROSS THE 5" JUNCTIONS OF CMVintA AND TME 
FLU GENES AND ACROSS THE 3' JUNCTIONS OF THE FLU 
GENES AND THE BGH TERMINATOR EXPRESSION 
CONSTRUCTS. USING DIFFERENT INFLUENZA STRAINS AND 
PROTEINS: 

I. A/HKMING/3S3/89 
A. VHnon.Bl.NP: 

PROMOTER. SEP. ID:20: 

5' TCA CCG TCC TTA GAT CI AA GCA GGG TTA ATA ATC 

CMVintA SP.... 
ACT CAC TGA GTG ACA TCA AAA TC ATG GCG TCC CAA GGC 
ACC AAA CGG TCT TAT G AA CAG ATG G AA ACT GAT GGG 
GAACGCCAGATT 

TERMINATPR. SEP. 1D:2I: 

V GAG GGG CAA ACA ACA GAT GGC TGG CAA CTA GAA GGC 
ACA GCA GAT / ATT TTT TCC TTA ATT GTC GTA C... 
BGH NP.... 



II. A/TEX AS/M/91 
A Vllm.o.TX.HA 
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PROMOTER. S-PO |po.i 

£ CCT TAG ATC / NNN NNN NNA CAA CCA AAA TO A 
CM VI NT A HA.... 

A AG CAA A AC TAC TAG TCC... 



TERMINATOR SFO m-^- 

5' GCA GAT C/ CT TAT AIT TCT GAA ATT CTG GTC. 
BGH HA.... 

TCA GAT. . 



HI. B/PA\AMA/^Q ft 
A. VllnPft.PA.I^ 

PROMOTER. .SFOIDry <Th, r, n , jnan ^ „ w ■- Tn , rDn _ L 
available on GENEBANK accession n.,m b er M63171- iI>p W |n,nr, 

?f m fi d . W 0 *." id l mi ™' "1 th ,he lfnnwn ft* v "f inr rr - 

^fcU. ID.27. belowl ha< not heen previously repnnM) 
5'ACC GTC CTT AGA TO C AGA AGC AGA GCA TTT TCT AAT 
CMVintA HA.... 

rl C * nt C , A i A ATG AAG GCA ATA ATT GTA CTA CTC ATG 
GTA GTA ACA TCC AAC GCA GAT CGA ATC TGC... 

TERMINATOR |n o 7 . 

5- GGC ACA GCA GAT CI TT TCA ATA ACG TTT CTT TGT 
BGH HA.... 

AAT GGT AAC... 
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KXAMPLE 9 

Intradermal In jections of Influenza Genes: 

The protocol for intniuVrmal introduction of cones was the 
same as for intramuscular introduction: 1 hrec injections of 2(X)pe 
each, three weeks apart, of VI -PR-NP. I he spleens were harvested h>r 
the id vitro assay 55 days after the third injection, and restimulaied with 
the nonapeptide nueleoprotem epitope 147-155, SHQ. ID:9:. Target 
cells (PS 1 5 cells, mouse mastocytoma, syngeneic with BALB/c mice II- 
2 d ) were infected with the heterologous virus A/Victona/73. and 
specific lysis using the spleen cells as the effector at effector:target 
ratios ranging between 5:1 and 40:1. Negative controls were earned 
out by measuring lysis of target cells which were nut infected with 
influenza virus. Positive controls were carried out hy measuring l\sis 
of influenza virus infected target cells hy spleen cells obtained from a 
mouse which was injected three times with 1 30 pg ot V I -PR-NP and 
which irvived a live influenza virus infection by strain A/HK/6K. 

Results: Specific lysis was achieved using the spleen cells 
from intradermal^ injected mice at all effectortarget ratios. No 
specific lysr was seen when spleen cells obtained from uninjected mice, 
or mice injected with the vector VI without the inserted PR-NP gene, 
were used as the effector cells. In addition, the specific lysis achieved 
using the intradermal delivery was comparable at all effectonarget 
ratios to the results obtained using intramuscular delivery. Influenza 
virus lung titers were al> measured in mice injected intradenmally or 
intramusculary. The results, using 5 mice per group, 3 x 200 \iz per 
dose three weeks apart, and challenge 3 weeks post last dose, were as 
follows: 

Vaccine Mode of Delivery Mouse Lunff Titer* 

Dav 5 Dav 7 

VI -PR-NP Intradermal 5.2 + 0.2 4.1±l** 

V I Intradermal 5.9 +1 6.6 + 0.3 

VI -PR-NP Intramuscular 4.6 + 0.4 4.5+1.1** 

None 6.2 ±0.3 5.9 + 0.3 
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* Mean log liter ±SEM 

One mouse had no virus ai all. 



* * 



Hna ly. percent survival of mice was lested out 10 Iwenty eight days 
By day twenty eight, of the mice receivine V I -NP-PR X9Cf of the Vm 
recipients and 50* 0 f the i.d. recipients survived. None of the VI 
vector and only JOT of lhe un(reaIed mKX ^ f 

demons-rates that DNA encoding nucleoprotein from the A/PR/X/14 

T , Z? aS f k '° indUCC CTL ' S ,ha ' rec °5 nized »he nucleoprotein from 
the heterologous strain A/Victoriay73 and a protective immune 
response against the heterologous strain A/HK/68. 

EXAMPI,F,|Q 
Polynucleotide v^inm; ,^ in prime s 

I. Antibody to NP in Rhesus monkeys: Rhesus monkeys <0fl6-NJ> 009 
NP or control 101:021) were injected w.th I mu/si.e offRSV^i m 
in 3 sites on day I Injections of I mg each of RSV-LU JOnrCMV-int. 

. J^Z^ thC Kpm " *** rmf] y luc ' fc ™ "session, 
ml J 1 " me m, ° se P arj,e slte - s - Animals were re- 

with | mg of pD5-CAT. a construct for the reporter cene 

iisTn 1 ; ' dCe,3 ' , ,nnsfcra '* expression, in I site each. Muscle 
sites containing reporter genes were biopsied and assayed for reporter 
gene actmty. Serum was collected 3. 5. 9. II. 13. and 15 weeks after 

nd fs ? and r:" ,Ve san, P' eN were »'«> collected >n weeks 
are"s n hown ™ ^i"* 1 * EL1SA " "* -u„s 

2. Hemagglutination inhibiting <HI) antibodv in rhesus monkeys-' 
Monkeys -vere injected i.m. w,th ^RTfitbn day I. Two animals 

SS? 1 m? - '°°^° r l0 Vt^e a chWice P rZ^ 
Each mjection was administered in a volume of 0.5 ml. Animals were 
bled pnor to injection on day I. All animals were re.njecied w h DNA 
on day 15. and Wood was collected a, 2-4 week intern Is hereafter 
Hemagg unnanon mhibiiion (HI) titers against A/PR/8/34 were Lsi IIV e 

DNA Rtsl WeCkS K and 'i Weeks a,,enhe f, ~ «*«™ of vTpr^A 
UNA. Results are shown beiow in Table I: 
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TABLE 1 



HI ANTIBODY TITKR O F RHKSLS MONKKYS RKCEIVJNG 



10 



RnKSlS # 


DOSK 


HI ANTIBODY T 


TKR AT WEEK * 








PRE 


3 WK 


5 WK 


9 WK 


12 WK 


88-01 


1 MC 


<I0 


<I0 


320 


320 


320 


88-0200 




<I0 


<I0 


<I0 


40 


40 
















88 021 


100 UG 


<10 


<1U 


<I0 


40 


20 


90-026 




<I0 


<I0 


20 


20 


40 
















88-084 


10 UG 


<!0 


20 


40 


20 


10 


90-028 




<10 


<I0 


20 


<I0 


<!0 



i 



20 



25 



30 



* 
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EXAMPIF 



10 



Polynucleotide vaccine studies in ferrets 

I. A study of polynucleotide vaccination in ferrets was initiated with 
the purpose of determining whether animals could be protected from 
influenza A infection by immunization with genes encoding either the 
HA (a surface protein capable of inducing strain-specific neutralism: 

rell ? r ,' he ,meral Pr0,em NP ' NSI " PB! > M ( thou 8 h « 'o induce a 
cell-mediated immune response that would be strain-independent) 

TABLE I l.i 



Group 
1 


Construct 
VIJ-HA 


Dose 
1000 me 


No. Animals 
Immunized 
16 


Chall. 
HINI 
8 


Chall. 
H3N2 
8 


2 
3 


_VIJ.NP 
<&J-NP^NSI + 

CpbTKpb>+m 


1000 mc 
2000 mg 
total " 


16 
16 


8 
8 


8 
8 


4 
5 


VIJ-HA+NP+ 
NSI+PBI+ 
PB2+M 
VIJ- 


2000 mg 
total 

1000 mc 


16 
16 


8 
8 


8 
8 


6 

Total 
Animals 


None 


None 


10 
90 


5 

45 


5 

45 



15 



t 

20 



25 



30 



r m ™«?, ay ,i S a "? P° stimr nunization. serum was collected from the 
S t?^ ^ aSNayed for ™«™l«'ng (hemacglutinatior? 
mh bjing-HI) anybodies and for antibodies to nudeoprotein (NP) by 
ELBA Animals that had been injected with DNA expressed antibodies 

lo. r. Z s tt, 8 eenes - These are retlec,ed in the at,ached 

TrS5<!w ! 2 n' Se ' eC,ed immun,2ed an«mals were challenged with P00 

ISm nflUe r A/HK / 68 - This s,rain ix heterologous to the 
A/PR/8/34 strain that was the source of the codine seuuenc-s used to 
jmmumze and therefore protection mdicates immLity S on celU 
mediated, strain-independent immune mechanisms. As shown in th" 
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attached Figure 12. a statistically significant reduction in viral shedding 
compared to controls was seen in animals immunized with DNA 
encodinu internal proteins, confirming that pol> nucleotide 
immunization in ferrets is capable of eliciting an immune response and 
that such responses are protective. 

4. A homoloeous challenge using A/PK/S/^4 is similarly tested and the 
protective efficacy of neutralizing antibody induced by polynucleotide 
vaccination is demonstrated similarly. 



-40- 



18972IA 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Donnelly. John J 

Dwarki, Varavani J 
Liu, Margaret A 
Montgomery, Donna L 
Parker, Suezanne E 
Shiver, John W 
Uimer, Jeffrey B 

(ii) TITLE OF INVENTION: Nucleic Acid Pharmaceuticals 
(iii) NUMBER OF SEQUENCES: 31 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Merck U Co., Inc. 

(B) STREET: P.O. Box 2000 

(C) CITY; Rahway 

(D) STATE: New Jersey 

(E) COUNTRY: United States of America 

(F) ZIP: 07065 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
• [B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0. Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY /AGENT INFORMATION: 
(A) NAME: Bencen, Gerard H 
<B) REGISTRATION NUMBER: 35,746 
(C) REFERENCE/DOCKET NUMBER: 18972IA 

<ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (908)594-3901 
IB) TELEFAX: (908)594-4720 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY*: linear 

(ii) MOLECULE TYPE: cDNA 
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(ill) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: .NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GTGTGCACCT CAAGCTGG 

(2) INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
IB) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( XX ) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL; NO 
(iv) ANTI -SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
CCCTTTGAGA ATGTTGCACA TTC 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 
(C| STRANDEDNESS; single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGTACAAGAT CTACCATGCT TCTAACCCAG GTC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY; linear 
Hi) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: YES 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO :4 
CCACATAGAT CTTCACTTGA ACCGTTGCAT CTCCAC 

<2) INFORMATION FOR SEQ ID NO: 5: 36 

<i) SEQUENCE CHARACTERISTICS' 
|A) LENGTH: 23 base pairs 
<B> TYPE: nucleic acid 
(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

tiiiJ HYPOTHETICAL: NO 

Uv) ANTI -SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ l D NO; 5; 

CTATATAAGC AGACCTCCTT TAG 

(2) INFORMATION FOR SEQ ID NO:6: 

SEQUENCE CHARACTERISTICS* 
JA) LENGTH: 30 base pairs 
'B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 

HYPOTHETICAL: NO 
(iv) ANTI-SENSE: YES 



23 



(Xi) SEQUENCE DESCRIPTION: SEQ ID 
GTAGCAAAGA TCTAAGGACG G^ACTCCAC 
«2). INFORMATION FOR SEQ ID NO: 7: 
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(i> SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 39 base pairs 
<B) TYPE: nucleic acid 
(C> STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



10 



15 



20 



25 



30 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7 : 
CTATCTGTCT GAAAATGAGC GTGGAGATTG GGCTCGCAC 
(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

ixi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GTGCGAGCCC AATCTCCACG CTCATTTTCA GACACATAC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Thr Tyr Gin Arg Thr Arg AU Leu Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 4432 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
{iv> ANTI -SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10; 
TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA 
CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG TCAGGGCGCG TCAGCGGGTG 
TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC 
ACCATATGCG GTGTGAAATA CCGC^CAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG 
CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATC 
TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT AATCAATTAC 
GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCCTT ACATAACTTA CGGTAAATGG 
CCCCCCTGGC TGACCGCCCA ACCA'CCCCC CCCATTGACG TCAATAATGA CGTATGTTCC 
CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC 
TGCCCACTTG GCACTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA 
TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG ACTTTCCTAC 
TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATC GTGATGCGGT TTTGGCAGTA 
CATCAATGGG CGTGGATAGC GCTTTGACT- ACGGGGATTT CCAAGTCTCC ACCCCATTCA 
CCTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA 
CTCCGCCCCA TTGACGCAAA TGCGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG 
AGCTCGTTTA GTGAACCCTC AGATCGCCTG GAGACGCCAT CCACGCTGTT TTGACCTCCA 
TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA CGGTGCATTG CAACGCGGAT 
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TCCCCCTGCC AAGAGTGACG TAAGTACCGC CTATAGAGTC TATAGGCCCA CCCCCTTGGC 1080 

TTCTTATGCA TGCTATACTG TTTTTGGCTT GGGGTCTATA CACCCCCGCT TCCTCATGTT 1140 

ATAGGTGATG GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC 1200 

CTATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG CCTCTTTGCC ACAACTCTCT 1260 

TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA CACGGACTCT GTATTTTTAC 1320 

AGGATGGGGT CTCATTTATT ATTTACAAAT TCACATATAC AACACCACCG TCCCCAGTGC 1380 

CCGCAGTTTT TATTAAACAT AACGTGGGAT CTCCACCCGA ATCTCGGGTA CGTGTTCCGG 1440 

ACATGGGCTC TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC 1500 

CAGCGACTCA TGGTCGCTCG GC AGCTCCTT GCTCCTAACA GTGGAGGCCA GACTTAGGCA 1560 

CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC GTGGCGGTAG GGTATGTGTC 1620 

TGAAAATGAG CTCGGGGAGC GGGCTTGCAC CGCTGACGCA TTTGGAAGAC TTAAGGCAGC 1680 

GGCAGAAGAA GATGCAGGCA GCTGAGTTCT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC 1740 

CGTTGCCGTG CTGTTAACGG TGG\GGGCAG TGTAGTCTGA GCAGTACTCG TTGCTGCCGC 1800 

GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA TGGGTCTTTT 1860 

CTCCAGTCAC CGTCCTTAGA TCTGCTGTGC CTTCTAGTTG CCAGCCATCT CTTGTTTGCC 1920 

CCTCCCCCGT GCCTTCCTTG ACCCTGGAAG GTGCCACTCC CACTGTCCTT TCCTAATAAA 1980 

ATGAGGAAAT TGCATCGCAT TGTCTGAGTA GGTGTCATTC TATTCTGGGG GGTGGGGTGG 2040 

GGCAGCACAG CAAGGGGGAG GATTCGGAAC ACAATAGCAG GCATGCTGGG GATGCGGTGG 2100 

GCTCTATGGG TACCCAGGTG CTGAAGAATT GACCCGGTTC CTCCTGGGCC AGAAAGAAGC 2160 

AGCCACATCC CCTTCTCTGT GACACACCCT GTCCACGCCC CTGGTTCTTA GTTCCAGCCC 2220 

CACTCATAGC ACACTCATAG CTCAGCACGG CTCCGCCTTC AATCCCACCC GCTAAAGTAC 2280 

TTGGACCGCT CTCTCCCTCC CTCATCAGCC CACCAAACCA AACCTAGCCT CCAAGAGTGG 2340 

CVAGAAATTA AAGCAAGATA GGCTATTAAG TGCAGAGGGA GAGAAAATGC CTCCAACATG 2400 

TGAOGAAGTA ATGAGAGAAA TCATAGAATT TCTTCCGCTT CCTCGCTCAC TCACTCGCTC 2460 

CGCTCGGTCG TTCGGCTGCG GCGAGCGGTA TCAGCTCACT CAAAGGCGGT AATACGGTTA 2520 

TCCACAGAAT CAGGGGATAA CGCAGGAAAG AACATGTGAC CAAAAGGCCA GCAAAAGGCC 2580 

AGGAACCCTA AAAAGGCCGC GTTGCTGGCG TTTTTCCATA GGCTCCGCCC CCCTGACGAG 2640 

CATCACAAAA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT ATAAAGATAC 2700 
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CAGGCGTTTC CCCCTOGAAG CTCCC'TCGTG CGCTCTCCTG TTCCGACCCT GCCGCTTACC 
CGATACCTGT CCGCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCAATG CTCACGCTCT 
AGGTATCTCA GTTCGGTGTA GGTCGTTCGC TCCAAGCTGG GCTGTGTGCA CGAACCCCCC 
crrcAGoxc ACCCCTCCGC CTTATCCGGT AACTATCGTC TOAGTCCAA CCCGGTAAGA 
CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATGTA 
CCCCCT8CTA CA3AGTTCTT GAAGTGGTCG CCTAACTACG CCTACACTAG AAGGACAGTA 
TTTGGTATCT GCCCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 
TCCGGCAAAC AAACCACCGC TGGTAGCGGT COTTTTTTTG TTTGCAAGCA GCAGATTACG 
CGCAGAAAAA AAGGATCTCA AGAAGATCCT TTGATCTTTT CTACGCGGTC TGACGCTCAG 
TGCAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTTCACC 
TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT AAAGTATATA TGAGTAAACT 
TGGTCTGACA GTTACCAATG C'TTAATCAGT GAGGCACCTA TCTCAGCGAT CTGTCTATTT 
CGTTCATCCA TAGTTCCCTG ACTCCCCGTC GTGTAGATAA CTACGATACG GGAGGGCTTA 
CCATCTGCCC CCAGTGCTGC AATGATACCG CGAGACCCAC GCTCACCGGC TCCAGATTTA 
TCACCAATAA ACCAGCCACC CCGAAGCGCC GACCGCACAA GTGGTCCTGC AACTTTATCC 
GCCTCCATCC AGTCTATTAA TTGTTGCCGG GAAGCTAGAG TAAGTAGTTC GCCAGTTAAT 
AGTTTGCGCA ACGTTGTTGC CATTGCTACA GGCATCGTGG TGTCACGCTC GTCGTTTGGT 
ATGGCTTCAT TCAGCTCCGG TTCCCAACGA TCAAGGCGAG TTACATGATC CCCCATBTTG 
TGCAAAAAAG CGGTTAGCTC CTTCGGTCCT CCGATCGTTG TCAGAAGTAA GTTGGCCGCA 
GTGTTATCAC TCATGGTTAT GGCACCACTG CATAATTCTC TTACTGTCAT CCCATCCGTA 
AGATGCTTTT CTGTGACTGG TGAGTACTCA ACCAAGTCAT TCTGAGAATA GTGTATCCGG 
C'GACCGAGTT GCTCTTGCCC GGCGTCAATA CGGGATAATA CCGCGCCACA TAGCAGAACT 
TTAAAAGTGC TCATCATTGG AAAACGTTCT TCGUGGCGAA AACTCTCAAG GATCTTACCG 
CTGTTGAGAT CCAGTTCG4T GTAACCCACT CCTGCACCCA ACTGATCTTC AGCATCTTTT 
ACTTTCACCA GCGTTTCTGG GTGACCAAAA ACAGGAAGGC AAAATGCCGC AAAAAAGGGA 
ATAACGGCCA CACCCAAATC TTGAATACTC ATACTCTTCC TTTTTCAATA 1TATTGAAGC 
ATTTATCAGG GTTATTGTCT CATGAGCGGA- TACATATTTG AATGTATTTA GAAAAATAAA 
CAAATAGGGC TTCCCCGCAC ATTTCCCCGA AAAGTGCCAC CTGACGTCTA AGAAACCATT 
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ATTATCATGA CATTAACCTA TAAAAATAGG CGTATCACGA GGCCCTTTCG TC 

(2) INFORMATION FOR SEQ ID MO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2196 base pairs 
(P) TYPE: nucleic acid 

(C) STRANDEDNES3 : double 

(D) TOPOLOGY: both 

(Hi MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
{ IV) ANTI -SENSE: NO 



(XI I SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ATTGGCTATT GCCCATTGCA TACGTTGTAT CCATATCATA ATATCTACAT TTATATTGGC 
TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA CTAGTTATTA ATAGTAATCA 
ATTACGGGGT CATTAGTTCA TAGCCCATAT ATGGAGTTCC GCGTTACATA ACTTACGGTA 
AATHGCCCGC CTCCCTGACC GCCCAACGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT 
GTTCCCATAG TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATTTACGG 
TAAACTGCCC ACTTGGCAGT ACATTAAGTG TATCATATGC CAAGTACGCC CCCTATTGAC 
GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT ACATGACCTT ATGGGACTTT 
CCTACTTGGC AGTACATCTA CGTATTAGTC ATCGCTATTA CCATGGTGAT GCGGTTTTGG 
CAGTACATCA ATGGGCGTGG ATAGCGGTTT GACTCACGGG GATTTCCAAG TCTCCACCCC 
ATTGACHTCA ATGGGACTTT GTTTTGGCAC CAAAATCAAC GGGACTTTCC AAAATGTCGT 
AACAACTCCG CCCCATTGAC GCAAATGGGC GGTAGGCGTG TACGGTGGGA GGTCTATATA 
AGCAGAGCTC GTTTAGTGAA CCGTCAGATC GCCTGGAGAC GCCATCCACG CTGTTTTGAC 
CTCCATAGAA GACACCGGGA CCGATCCAGC CTCCGCGGCC GGGAACGGTG CATTGGAACG 
CGGATTCCCC GTGCCAACiAG TGACCTAAGT ACCGCCTATA GAGTCTATAG GCCCACCCCC 
TTGGCTTCTT ATGCATGCTA TACTGTTTTT GGCTTGGGGT CTATACACCC CCGCTTCCTC 
ATGTTATAGG TG7.XGTATA GCTTAGCCTA TAGGTGTGCG TTATTGACCA TTATTGACCA 
CTCCCCTATT GGTGACGATA CTTTCCATTA CTAATCCATA ACATGGCTCT TTGCCACAAC 
TCTCTTTATT GGCTATATGC CAATACACTG TCCTTCAGAG ACTGACACGG ACTCTGTA1T 
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(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: H base pAirs 
<B) TYPE: nucleic Acid 
(C) STRANDEDNESS : single 
fo< <D> TOPOLOGY; lineAr 

^ di) MOLECULE TYPE: cDNA 

* I* 30 

ill!) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



1140 
1200 
1260 
1320 
1380 



<fl| TTTACAGGAT GGGGTCTCAT TTATTATTTA CAAATTCACA TATACAACAC CACCGTCCCC 

>\ AGTGCCCGCA GTTTTTATTA AACATAACCT GGGATCTCCA CGCGAATCTC GGGTACGTCT 

TCCGGACATG GGCTCTTCTC CGGTAGCGGC GGAGCTTCTA CATCCGAGCC CTGCTCCCAT 
5 GCCTCCACCG ACTCATGGTC GCTCGGCAGC TCCTTGCTCC TAACAGTGGA GGCCAGACTT 
;*/ AGGCACAGCA CGATGCCCAC CACCACCAGT GTGCCGCACA AGGCCGTCGC GGTAGGGTAT 

GTGTCTGAAA ATGAGCTCGG GGAGCGGGCT TGCACCGCTG ACGCATTTGG AAGACTTAAG 1440 
GCAGCGGCAG AAGAAGATGC AGGCAGCTGA GTTGTTGTGT TCTGATAAGA GTCAGAGGTA 1500 
1Q ACTCCCCTTG CGGTGCTGTT AACGGTGCAC GGCAGTGTAG TCTCAGCAGT ACTCGTTGCT 1560 
y GCCGCGCGCG CCACCACACA TAATAGCTGA CAGACTAACA GACTGTTCCT TTCCATGGGT 1620 

:% CTTTTCTGCA GTCACCGTCC TTAGATCTGC TGTGCCTTCT AGTTGCCAGC CATCTGTTGT 1680 

£l TTGCCCCTCC CCCGTGCCTT CCTTGACCCT GGAAGGTGCC ACTCCCACTG TCCTTTCCTA 1740 

\\; l5 ATAAAATGAG GAAATTGCAT CGCATTGTCT GAGTAGGTGT CATTCTATTC TGGGGGGTGG 1300 

GGTGGGGCAG CACAGCAACC CGGAGGATTG GGAAGACAAT AGCAGGCATC CTGGGGATGC 
./£ GGTGGGCTCT ATGGGTACCC AGGTGCTGAA GAATTGACCC GGTTCCTCCT GGGCCAGAAA 

GAAGCAGGCA CATCCCCTTC TCTGTGACAC ACCCTGTCCA CGCCCCTGGT TCTTAGTTCC 
ACCCCCACTC ATAGGACACT CATAGCTCAG GAGGGCTCCG CCTTCAATCC CACCCGCTAA 2040 
AGTACTTGGA GCGGTCTCTC CCTCCCTCAT CAGCCCACCA AACCAAACCT AGCCTCCAAG 



1360 
1920 
1980 



2100 



^ s — ™ Mij* i a i-i AAUTGCAG AGGGAGAGAA AATGCCTCCA 2160 

ACATC7GACC AAGTAATGAG AGAAATCATA GAATTC 2196 
(2) INFORMATION FOR SEO ID NO: 12: 

25 
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GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTAGA TAATCACTCA CTGAGTGACA 60 
TCAAAATCAT G 7 * 
t2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 117 bas* pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
<D) TOPOLOGY: both 

tiil MOLECULE TYPE: c DMA 

(iii) HYPOTHETICAL: NO 

(iv) ANT I -SENSE : NO 



15 



JH l Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

ACCCTCCTTA GATCAGCTTG GCAAAAGCAG GCAAACCATT TGAATGGATG TCAATCCGAC 60 

CTTACTTTTC TTAAAAGTCC CAGCACAAAA TGCTATAAGC ACAACTTTCC CTTATAC 117 

(2) INFORMATION FOR SEQ ID NO: 14: 

(1) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 136 base pail's 
<B) TYPE: nucleic acid 
20 (C) STRANDEDNESS : double 

vji tD) TOPOLOGY: both 

j*i Hi) MOLECULE TYPE: cDMA 



25 



(ill) HYPOTHETICAL: NO 
(iv) ANT I -SENSE: NO 

(xii SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTGAC AAAAACATAA TGGATCCAAA 60 

CACTGTGTCA AGCTTTCAGG TAGATTGCTT TCTTTGGCAT GTCCGCAAAC GACTTGCAGA 120 

30 CCAAGAACTA GGTGAT 136 

•*} (2) INFORMATION FOR SEQ ID NO:lS: 

^ li) SEQUENCE CHARACTERISTICS: 

jJJJ (A) LENGTH: 152 base pairs 

(B) TYPE: nucleic acid 



-50- 



18972IA 



(C) STRANDEDNESS : double 

(D) TOPOLOGY: both 

(li) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 
TCTGCAGTCA CCGTCCTTAG ATCAGCTTGG AGCAAAAGCA GGGGAAAATA AAAACAACCA 60 
AAATGAAGGC AAACCTACTG GTCCTCTTAA CTGCACTTGC AGCTGCAGAT GCAGACACAA 120 
TATGTATAGG CTACCATGCG AACAATTCAA CC 152 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 162 base pairs 
(Bi TYPE: nucleic acid 

(C) STRANDE;rIESS : double 

(D) TOPOLOGY: both 

(il> MOLECULE TYPE: cDNA 
(ili) HYPOTHETICAL: NC 
(iv) ANTI -SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TTTTCTGCAG TCACCGTCCT TAGATCCCGA ATTCCAGCAA AAGCAGGTCA ATTATATTCA 60 
ATATGGAAAG AATAAAAGAA CTAAGAAATC TAATGTCGCA CTCTCCCACC CCGGAGATAC 120 
TCACAAAAAC CACCGTGGAC CATATGGCCA TAATCAAGAA GT 162 
(2} INFORMATION FOR SEQ ID NO: 17; 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 122 bas* pairs 

(B) TYPE: nucleic acid 

(C) STRAND LDNESS : double 

(D) TOPOLOGY: both 

(11) MOLECULE TYPE: cDNA 
(ili) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 : 
GTCACCGTCC TTAGATCTAC CATGAGTCTT CTAACCGAGG TCGAAACGTA CGTACTCTCT 
ATCATCCCGT CAGGCCCCCT CAAAGCCGAG ATCGCACAGA GACTTGAAGA GTTGACGGAA 
GA 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4864 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(ili) HYPOTHETICAL: NO 
{IV) ANTI -SENSE: NO 

VXD SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA 
CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA CACAAGCCCG TCAGGGCGCG TCAGCGGGTG 
TTGGCGGGTG TCGGGGCTGC CTTAACTATG CGGCATCAGA GCAGATTGTA CTGAGAGTGC 
ACCATATGCG GTGTGAAATA CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG 
CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA TTGGCTCATG 
TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT AATCAATTAC 
GGGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT ACATAACTTA CGGTAAATGG 
CCCGCCTGGC TGACCGCCCA ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC 
CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC 
TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA 
TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG ACTTTCCTAC 
TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG GTGATGCGGT TTTGGCAGTA 
CATCAATGGG CGTCGATAGC GGTTTGACTC ACGGGGATTT CCAAGTCTCC ACCCCATTGA 
CGTCAATCGG AGTTTGTTTT GCCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA 
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zrr - ~ —w 

—=m« crc^ S0MC0CCK KAc<inCT ^ 

ta^acac ccocaccct ccaccc™ 

TC ccc= TO aa^ ^ cccottok 

™ta to . «»» mTOOTT cjotccot tcckjktt 

ATACGTCATC GTATAGCTTA GCCTATAGGT «.„, 
CTATTOCTCA COATAC^: 

, ™™=CTA TATCCCAATA CAC^CTT CAGAGACTCA CACCCACKT CTA^AC 
ACCA^ mrrrm TCACATATAC AACACCACCC 1.CCCAC** 

CCOCAOmr TATTAAACAT MCO^CAT CKCACCCC, ATCTCCOGTA CGK^COC 
ACAKOCCTC TTCttCCCTA OC^CAC TTCTACATCC. CAGCCCIGCT CCCA^CC* 
CACCOACTCA TG01CGCTCG GCAGCTCCTT CCC^ACA C^CCA CACXTAOCCA 
CAGCACCATC CCCACCACCA CCAC^c CCACAAC^ CTU^ 

»*««. eraser c<;ctcjcccji moMsoic ^ 

GGCAGAACAA « TOTOCA ^ 
"=™C=C*= C^AACOC rcCACCCCAS »„, 0C4CTJCTO 

"CCCCACC A6ACATAATA =C TC AC«AC TAACACACTC TOCT ^C, 

C^ACTCAC C^CTTAC. 

<«««« CCC^cm ACCCCCAA , CAC^CT, TCclAAmi 

ATOAGCAA\T mtum 
-ACCACAC CAACCCOC*, 

O^TA^C TACCCAGC1C CACCC^ 

-ACATCC CCTTCTCTCT GACACACCC ^c.CCCCC „«« 
CACTCATAGG ACACTCATAG CTCAGGAGGG CTCCOCC™ AAKCCACCC CCTAAAGTAC 
mOACCCC C^C CTCATCAGC'C CACCAAACCA AACCTAGCCT CCAAGAG^G 
GAAGAAATTA AACCAAGATA GGCTATTAAG ^ACCCA GAGAAAATCC CKCAACA TC 
~»»=TA ATGACAGAAA TCATAGAATT TC^C^ CC^CCK.C 
CGCTCGGTCG n^G gCGACCGGTA 
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TCCACAGAAT CAGGGCATAA CGCAGGAAAG AACATGTGAG CAAAAGGCCA GCAAAAGGCC 2580 

AGGAACCGTA AAAAGGCCGC GTTGCTGGCG TTTTTCCATA GGCTCCGCCC CCCTGACGAG 2640 

CATCACAAAA ATCGACGCTC AAGTCAGAGG TGGCGAAACC CGACAGGACT ATAAAGATAC 2700 

CAGGCGTTTC CCCCTGGAAG CTCCCTCGTG CGCTCTCCTG TTCCGACCCT GCCGCTTACC 27 60 

GGATACCTGT CCGCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCAATC CTCACGCTGT 2820 

AGGTATCTCA GTTCGGTGTA GGTCGTTCGC TCCAACCTGG CCTGTGTCCA CGAACCCCCC 2380 

GTTCAGCCCG ACCGCTGCGC CTTATCCGGT AACTATCGTC TTGAGTCCAA CCCGGTAAGA 2940 

CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATGTA 3000 

GGCGGTGCTA CAGAGTTCTT GAAGTGGTGG CCTAACTACG GCTACACTAG AAGGACAGTA 3060 

TTTGGTATCT GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 3120 

TCCGGCAAAC AAACCACCGC TGGTAGCGGT CGTTTTTTTG TTTGCAACTA GCAGATTACG 3130 

CGCAGAAAAA AAGGATCTCA AGAACATCCT TTGATCTTTT CTACGGGGTC TGACGCTCAG 3240 

TGGAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTTCACC 3 3 00 

TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT AAAGTATATA TGAGTAAACT 3 3 60 

TGGTCTGACA GTTACCAATG CTTAATCAGT GAGGCACCTA TCTCAGCGAT CTGTCTATTT 3420 

CGTTC'ATCCA TAGTTGCCTG ACTCCGGGGG GGGGGGGCGC TGAGGTCTGC CTCGTGAAGA 3430 

AGGTGTTGCT GACTCATACC AGGCCTGAAT CGCCCCATCA TCCAGCCAGA AAGTGAGGGA 3540 

GCC ACGGTTG ATGAGAGCTT TGTTGTAGGT GGACCAGTTG GTGATTTTGA ACTTTTGCTT 3 600 

TGCCACGGAA CGGTCTGCGT TGTCGCGAAG ATGCGTGATC TGATCCTTCA ACTCAGCAAA 3660 
AGTTCGATTT ATTCAACAAA GCCGCCGTCC CGTCAAGTCA GCGTAATGCT CTGCCACTGT 3720 
TACAACCAAT TAACCAATTC TGATTAGAAA AACTCATCGA GCATCAAATG AAACTGCAAT 3730 
TTATTCATAT CAGGATTATC AATACCATAT TTTTGAAAAA GCCGTTTCTG TAATGAAGGA 3840 
GAAAACTCAC CGAGGCAGTT CCATAGGATG GCAAGATCCT GGTATCGCTC TGCGATTCCG 3900 
ACTCGTCCAA CATCAATACA ACCTATTAAT TTCCCCTCGT CAAAAATAAG GTTATCAAGT 3960 
GAGAAATCAC CATGACTGAC GACTGAATCC GGTGAGAATG GCAAAAGCTT ATGCATTTCT 4020 
TTCCAGACTT GTTCAACAGG CCAGCCATTA CGCTCGTCAT CAAAATCACT CGCATCAACC 4080 
AAACCGTTAT TCATTCCTCA TTGCCCCTGA GCGAGACGAA ATACGCGATC GCTGTTAAAA 4140 
GGACAATTAC AAACAGGAAT CGAATGCAAC CGGCGCAGGA ACACTGCCAG CGCATCAACA 4200 
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ATATTTTCAC CTGAATCAGG ATATTCTTCT AATACCTCGA ATCCTGTTTT CCCGGGGATC 
GC AGTGGTGA GTAACCATGC ATCATCAGGA GTACGGATAA AATGCTTGAT GGTCGGAAGA 
GCCATAAAW CCGTCAGCCA GTTTACTCTG ACCATCTCAT CTGTAACATC ATTGGCAACG 
CTACCTTTGC CATGTTTCAG AAACAACTCT GGCCCATCGG GCTTCCCATA CAATCCATAG 
A7TGTCCCAC CTGATTGCCC CACATTATCG CGACCCCATT TATACCCATA TAAATCACCA 
TCCATGTTGG AATTTAATCG CGCCCTCGAG CAAGACGTTT CCCGTTGAAT ATGGCTCATA 
ACACCCCTTG TATTACTGTT TATGTAAGCA GACAGTTTTA TTGTTCATGA TGATATATTT 
TTATCTTGTG CAATCTAACA TCAGAGATTT TGAGACACAA CGTGGCTTTC CCCCCCCCCC 
CATTATTGAA GCATTTATCA GGGTTATTGT CTCATGAGCG GATACATATT TCAATGTATT 
TAGAAAAATA AACAAATAGG GGTTCCGCGC ACATTTCCCC GAAAAGTGCC ACCTGACGTC 
TAAGAAACCA TTATTATCAT GACATTAACC TATAAAAATA GGCGTATCAC GAGGCCCTTT 
CGTC 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 15 base pairs 
IB) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

'ill MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



4260 

4320 

4380 

4440 

4500 

4560 

4620 

4680 

4740 

4800 

4360 

4864 



(Xi) SEOUENCE DESCRIPTION; SEP ID NO: 19: 
AGCAGAAGCA GAGCA 

15 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH : 119 has* pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
ID) TOPOLOGY: both 

I l i ) MOLECULE TYPE: cDNA 



(111) HYPOTHETICAL: NO 
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liv) ANTI -SENSE: NO 

(XI) SEQUENCE DESCRIPTION; SEQ ID NO: 20: 
TCACCCTCCT TAGATCAAGC AGGGTTAATA ATCACTCACT GAGTGACATC AAAATCATCG 60 
CGTCCCAAGG CACCAAACGG TCTTATGAAC AGATGGAAAC TGATGGGGAA CGCCAGATT 1X9 
(2) INFORMATION FOR SEQ ID NO: 21: 



U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 67 base pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDEDNESS: double 

A \ t D > TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANT I -SENSE : YES 



15 



20 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:21: 
GAGGGGCAAA CAACAGATGG CTGGCAACTA GAAGGCACAG CAGATATTTT TTCCTTAATT 60 
GTCGTAC 67 
{2) INFORMATION FOR SEQ ID NO: 22: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
(g\ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



25 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANT1 -SENSE : NO 



V 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 



AGCAGAAGCA CGCAC 15 
(2) INFORMATION FOR SEQ ID NO: 23: 



(1) SEQUENCE CHARACTERISTICS: 
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A) LENGTH: 15 base pairs 

IB) TYPE: nucleic acid 

IC) STRANDEDNESS ; single 
(D) TOPOLOGY: linear 

(Xi) MOLECULE TYPE: cDNA 

(Hi) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: S£Q ID 
AGCAGAAGCA CAGCA 

(2) INFORMATION FOR SEQ ID NO: 24: 

ti) SEQUENCE CHARACTERISTICS • 
(Aj LENGTH : 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

<ii) MOLECULE TYPE: cDNA 

HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO :2 4 : 
CCTTAGATCN NNNNNNNACA ACCAAAATGA AAGCAAAACT ACTAGTCC 
(2) INFORMATION FOR SEQ ID NO: 25: 

(1) SEQUENCE CHARACTERISTICS. 

(A) LENGTH: 36 b^se pair* 

(B) TYPE: m-cleic acid 

(C) STRANDEDNESS; dout - 

(D) TOPOLOGY: both 

<ii) MOLECULE TYPE: cUNA 
( i i i ) HYPOTHETICAL : NO 
(iv) ANTI -SENSE: YES 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
GCAGATCCTT ATATTTCTGA AATTCTGGTC TCAGAT 

36 
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(2) INFORMATION FOR SEQ ID NO: 26: ^ 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 o&s* pairs 
(B> TYPE: nuclei'" AC id 

(C) STRANDEDNESS : double * 
(Dl TOPOLOGY: both 

t 

til) MOLECULE TYPE: cDNA 
(ii:) HYPOTHETICAL: NO j, 
t lv i A1ITI -SENSE: NO * 



1X1) SEQUENCE DESCRIPTION: SEQ ID NO:26: i 
AC* C f ;TC f TT A GATCCAGAAG CAGAGCATTT TCTAATATCC ACAAAATGAA GGCAATAATT 60 £ 



J| GTACTACTCA TGGTACTAAC ATCCAACGCA GATCGAATCT UC 102 



15 



(2) INFORMATION FOR SEQ ID NO: 27: 

ti) SEQUENCE CHARACTERISTICS: * 

(A) LENGTH: 42 base pmvs <■ 

IB) TYPE: nucleic acid f 

(C) STRANDEDNESS : double * 

(D) TOPOLOGY: both 1 



20 



tii) MOLECULE TYPE: cDNA , 

■ (ill) HYPOTHETICAL: NO 

*» « 

9<K tiv) ANTI-SEi:SE: YES ; 

• t 

• i 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO:27: 5 

7r£ GGCACAGCAG ATCTTTCAAT AACGTTTCTT TGTAATGGTA AC 42 J 



(2) INFORMATION FOR SEQ ID NO: 28: 



/. .• ti) SEQUENCE CHARACTERISTICS: ] 

(A) LENGTH: 22 base p«irs 

' | (B) TYPE: nucleic acid I 

■Sp 30 (C) STRANDEDNESS : single ' 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA j 

(ill) HYPOTHETICAL: NO 

-7 (ivl ANT I -SENSE : NO 
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15 



25 
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(xij SEQUENCE DESCRIPTION: SEQ ID NO:23: 

CTAACAGACT GTTCCTTTCC ATG 23 

(2} INFORMATION FOR SEQ ID NO: 29: 

(l) SEQUENCE CHARACTERISTIC? : 
(A) LENGTH : 13 base pairs 
(El TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(XI) MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL; NO 
I iv) ANTI -SENSE: YES 



(xi/ SEQUENCE DESCRIPTION: SEQ ID NO:29; 
GGAGTCGCAC CTTCCAGG 
(2) INFORMATION FOR 5£Q ID NO: 30: 



13 



(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
AGCAAAAGCA GG 

(2) INFORMATION FOR SEQ ID NO: 31: 



is 



■5 

U) SEQUENCE CHARACTERISTICS: ^ 

(A) LENGTH: 12 base pairs \\ 

(B) TYPE: nucleic acid 

20 (C) STRANDEDNESS: single \ 

(D> TOPOLOGY; linear £ 

(ii) MOLECULE TYPE: cDNA 5? 

(lii) HYPOTHETICAL: MO ^ 

(IV) ANTI-SENSE: NO j£ 



ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single */' 

(D) TOPOLOGY: linear ^ 

Hi) MOLECULE TYPE: cDNA 



. 59 - 



1 89721 A 



till. HYPOTHETICAL: NO 
(xi) r-EOTJENt E DEncHU'TIOMi ,^EQ ID HO:U: 



15 



r~ — ™* 



20 



25 



30 
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WHAT ISO ^vi.:n| S . 

«h • u i;, A ° NA cons,ruct encoding an influenza virus cenc 
wherem .he DNA construe, i.s capable of being expressed upon 
"'-iucon mro animal tissues m vjv, ;ind pcncR1|i ;|n ^ 
Kspnnsc agams. the expressed producl of ,he encoded influenza 

2. The DNA of Clam, I wherein ihe influenza viru.s 
encode* nucleopro.em. hemagglutinin, polymerase, matnx or 
non-structural human influenza vims gene products 



3. A DNA pharmaceutical which induces ann-human 
nfluenza v.rus neutralizing antibody, influenza virus stifle cvto, "ic 
^ytes. or protective immune responses upon inlucuon m 
an inw | tLvsues m vjva. wherein the annual ,s selected Iron, the .roup 
euns.st.ng o. vertebrates, mammals, pnma.es. and humans 



20 a) 
b) 
c) 
d) 
e) 

25 f) 

g) 
h) 



j) 

30 k) 



4. The DNA of Claim 3 wherein the nucleic acid is 
selected from the DNA: 



pnRSV-PR-NP. 
VI-PR-NP. 

VIJ-PR-NP. SEQ. ID:I2:. 

VIJ-PR-PBI.SEQ. ID: J 3:. 

VIJ-PR-NS. SEQ. ID:14:. 

VU-PR-HA.SF£Q. ID:I5:. 

VIJ-PR-PB2. SEQ. ID: 1 6:. 

VIJ-PR-M1.SE0. ID:!7:. 

VUneo-BJ-NP. SEQ. ID:20: and SEQ ID-*>I- 

VI Jneo-TX-NP. SEQ. ID:24 and SEQ. ID ^" :iI1 d 

VIJneo-PA-HA. SEQ. ID:26: and SEQ. ID:27:. 

5- The expression vector V|j. SEQ. ID: 10:. 

6- The expression vector V I J-neo. SEQ. ID: I R : . 



±- 1 



; t 
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7. A method for protecting against infection by human 
influenza virus which comprises immunization with a prophylactieally 
effective amount of the DNA of Claim I. 

8. A method for protecting against infection by human 
influenza viru.N which comprises immunization with a prophylactieally 
effective amount of the UNA of Claim 3. 

9. A method for protecting against infection by human 
influenza virus which comprises immunization with a prophylactieally 
effective amount of the DNA of Claim 4. 

10. The method of Claim 7 which comprises direct 
administration of the DNA into tissue m vivo. 

1 1 . The method of Claim 10 wherein the DNA is 
administered either as naked DNA in a physiologically acceptable 
solution without a carrier or as a DNA-liposome mixture or as a 
mixture with an adjuvant. 

12. A method for using an influenza virus gene to induce 
immune responses in vivo which comprises: 

a) isolating the gene. 

b) linking the gene to regulatory sequences such thai the gene is 
operative ly linked to control sequences which, when introduced into a 
living nssue direct the transcription initiation and subsequent translation 
of the gene, 

c) introducing the gene into a living tissue, and 

d) optionally, boosting with additional influenza gene. 



13. The method of Claim 12 wherein the it.fluenza virus 
gene encodes a human influenza virus nucleoprotein, hemagglutinin, 
matrix, nonstructural, or polymerase gene product. 
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15 



20 



25 



14. The method of Claim 1 3 wherein the human 
influenza vrus gene encodes the nucleopntein. basic polymery I 
nons.ruc.urnl protein), hemagg.ut.nin. matml. basic polymen.sc? of 

inHuenw v,nj S .solate A/lie.., in g/.W/S9. .he hemagglutinin cene of 
nuiiKin innuenza vims isohi.- a/t,-v. nA/ui ■ . 
of h....v.n i„n /Wlx...s/36/91 . or .he hemagglutinin aenv 

ol human influenza vims .isolate B/Panama/46/90. 

inf. u l5 ' ■ A " ie,h0d f ° r ' nduCin S immune responses against 
nfec on by stnnns of influenza virCs using an influeni gen, LL 
by firs, mfluenza virus strain such that the induced immune response 
protects no, only against infection by the f.rs, influenza vims strain but 
also protects aga.ns, infection by strains heterologous to said f.rs, st . , 
whtch comprises administering an immunologically effective am u of 
a nuc.e,c acd which encodes a conserved influenza virus epitope 

recipient is a'L^ « ^ ™ 

1 7. A vaccine for inducing immune responses against 
1" ^^^ the DNA of 
claims 1 -4 and ^p^aceuticidly^c ^le carrier . ? 



."XS 
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T1TI.F OF THI- INVENTION 
NUCLEIC ACID PHARMACEUTICALS 

ABSTRACT OF THK INVENTION 

DNA constructs encoding influenza vims gene products, 
capable of being expressed upon direct mtiodiiction. via injection or 
otherwise, into animal tissues, arc novel prophylactic pharmaceuticals 
which can proude immune protection against infection by homologtni.s 
and heterologous strains of influenza virus. 
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the specification of which is attached hereto. 
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™ Prior United States Filing 

I hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application(s) listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States application(s) in the manner 
' provided by the first paragraph of Title 35, United States Code §1 12, 1 acknowledge the 
duty to disclose material information as defined in Title 37, Code of Federal Regulations, 
§ 1.56(a) which occurred between the filing date(s) of the prior application(s) and the 
national or PCT international filing date of this application: 

08/032.383 3/18/93 Pending H222 

Appln. Ser. No. Filing Date Status Attorney Docket 

Appln. Ser. No. Filing Date Status Attorney Docket 



Appln. Ser. No. Filing Date Status Attorney Docket 



1 hereby appoint: Gerard H. Bencen Reg. No. 35,746, Raymond M. Speer, 
Reg. No. , 26.810 a nd Jack L. Tribble Reg. No. 32,633 L respectively and 
individually as my attorneys with full power of substitution and revocation, to prosecute 
this application and to transact all business connected therewith. Please address all 
communications to: 

Gerard H. Bencen 

Piierit Department 
Merck & Co,,_Inc,.._.. 
P..O, Bo\.2000rRY60-I0_... 

TetjNo." (908)°594O901 

I hereby declare further that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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1 TrC.CG(V.TTr CGCTC. ATG AC GOT G AAAACC TfT( I A<\ACAT GO AGCTCCCG 
S| HAGACC.GTCA C AGCTTGTCT CTAAGCGGAT C.CCC.GCAGCA G ACAAGCCCC. 

mi t( uic.gcgcc. rr\iu uk.tc. n< u in it it iTt ; *i cut k «< it Tt it ■ t tf a At * f \tg 
i > ] ( /r,c.c \ re \c. \ i .c mi vrn.i a ere. ag \gtgc \n ataxic:- c.tgtgaaa i a 

:n| I VI -C At U • \T l .t '< iT \ \< "*l » \l ♦ A A \ AT \< 'I l .1* A'l C M 1 AT 1 1 H '< t T A n I n .( '( ' \ 

;5 1 n t ;c atau ;t tc it at cc a r \ Tt * at a at a rt . t ac attt at a ttgcctc at( i 

W TCCA ACATTA C GGCCATtHT GAC ATTG AIT ATTGACTAGT T ATTAATAOT 
15 1 AATCA ATT AC GGCGTC ATTA GTTCATAGCt " C ATAT ATGG A GTTCCGCGTT 
401 U'ATAACTTA CGGT A A ATGl 1 1 H 't Tit CTt It IC TGACCGCCCA ACGACCt CCG 
n VATTG ACt 1 1 CA ATAATG A CGTAl GTTCC ( AT At IT A AH I CC\A \T \GC.G A 
501 ('TTTCCATTG ACGTCAATGG GTCG-UVTATT TACGGTAA AC TGCCCACITG 
«l GCAGTACATC AACTGTATCA TATCCCAAGT ACGCOTCTA TTG ACGTCAA 
Mil TG ACGGTAA A TGGCCCGCCT GGC A1TATGC CCAGTACATG ACCTTATGGG 
AM ACTTTCCTAC TTtlGCAGTAC ATCTACGTAT TAGTCATCGC TATT \CC \T0 
701 GTGAIGCGGT TTTGCCAG1 \ CATCAATGGG CGTGGATAGC CGTTTGACiC 
75 1 ACGGGG ATTT CC A AGTCTCC At 'C( V ATTG A CGTC A ATGGG AGTTTGTTTT 
sol GGCACCAAAA TC AACGGGAC TTTCCA AAAT GTCGT A AC A A CTCCCCCCCA 
S<l TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG 
•Mil AGtTCGTTTA C.TGAACCGTC AG ATCGCCTG GAGACGCCAT CCACGCTC.TT 

1 TTG ACCTCCA TAG A AG AC AC CGGGACCG AT CP AGCCTCCG CGGCCGCG AA 
100] CGGTGCATTCi (iA ACCtCt IGAT TCCCCGTGCC A UlAtirGACG TAAGfACCGt 
IOM CTATACAGTC T ATAGGCCCA CCCCC7TGCC Tr<TT \TC.CA Till TAT AC TG 

inn rrrrrt it ;ctt t ic.Gc.Tt tat a c At rccct ict Tt \ tc atgtt at At igtc i atg 

MM ( ;t AT AGCTT A GCCTATAGGT CTGGGTTATT G ACCATTATT GACCACTCCC 
1201 CTATTGGTG A CGATACTTTC CATTACTA Al CC AT A AC ATG GCTCVTTGCC 



Ptpuc h kimiiimcil. p2/4) ^ • 

i:M ACAACTCTTT TTATTGGCTA TATGCCAATA ( 'A ( T( il ( "( TT ( ' A( 1 AG A{ T< i A 

CACGGACTCT GTATTTTTAC ACiriAT(i(iG(iT CTCATTTATT ATTTAC'AAAT _. . _ 

1 «l TC ACATATAC A AC" \CCACCG TCCCCAGTGC ( 'C < i( 'AtiTTTT TATTAA AC AT ~ 1 J " 
14.11 AACGK.OGAr CICC ACCCCA AltTfCCaiTA ("Gil! JTCCJ i( i ACATGf 

UM TTITCCOCTA GCGGCGGAGC TTCTACATCC GAGCCVTGCT CCCATGCnc 

15..! CAGCCiACTCA TGGTCGCTCG GCAGCTCXTTGCTCCTAACA GTGGAGGCCA ~ ~ " 8 

155. GACTTAGGrA CAGCAOGATG CCCACCACTA CCAGTCTGCC CCACAAUGCO 
IN'I GTGGCGGTAG GGTATGTGTC TGAAA ATGAG CTC'GGGGAGC GGGCTTGCAC 

•Ml C'GC'TGAC'GCA TTTGGAACAC TTAAGGCAGC GGCAGAAGAA GATGOAGGCA ^ •"^ . V ^ 

1701 GCTGAGTTGT TGTGTTrTGA TAAGAGTCAG AGGTAACTCC ('(iTTCiCGCiTG 
l"l CTGTTAACGG TGGACGGC'AG TGTACTCTGA GCAGTACTCG TTGC'TGCTGC 
IX.M GCCCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCTTTCCA 
ISSI TGGGTCTTTT CTGCAGTCAC ('(iTCCTTAG ATCTGCTGTG rCTTCTACTT 
GCCAGCC-ATC TGTTCTTT, iC CCCTCTCTCG TGCC'TTCCTT GACCCTGGAA 
GGTGCCACTr CCACTGTCCT TTCCTAATAA AATGAGGAAA TTOCATC'GCA 

:u, ttgtctgagt aggtctca rr ctattctggg gggtggggtg ggg< -agcaca 

•j XXI GCAAGGGCrGA CiOATTCiGGAA GAC'AATAGCA GGCATGCTGG GGATGCGGTG 

:mi GG( T( TATGG ( !TA( TTA( >gt gctg a a< j a at tg acccggtt CCTCCTGG Gi 7^*? ? 

:iM CAGAAAGAAG CAOGCACATC CCCTTCTCTG TGACACACCC TGTCCACGCV 
2*1 C'CTGGTTCTT AGmTACCT (TACTCATAG GACACTCATA GCTC ACGAGG 
22M ^^•««V 1 TCAAUrCA(r<X;(XAAA(;TA(-nG( : A( ; cr.(;TCTCTC-(CTr 
2 V.. CCTCAK-AGC CCACTAAACV AAACCTAGCC T( 'C'AAGAGTG GGAAGAAA PP 
2^1 A-VAGCAACiAT ACiGCTAITAA GTGCAGAGGG AGAGAAAATG CCTCCAACAT 
2401 GTGAGGAAGT AATGAGACAA ATCATAGAAT VrciTCCGCT Tl'CTTGCTCA 
245, CTGACTCGCT GCGCTCGGTC GTTCGGCTCC GGCGAGCGGT ATCACCTCAC 



Figure ft fcnnitnued. p V4) 

25IH TCAAAGGCGG TAATAGGGTT ATGGACAGAA TCAGGGGATA ACGGAGGAAA 
2vl GAACATGTGA GC AAAAGG( "C AGC AAAAGGC GAGGAACCGT AAAAAGGGGG 
Z(m CGTTGCTGGG GITITTCrVT AGGG'KVGCr (TGCTGAGGA GGATCACAAA 
2f>M AATlViAGG'TGAAGiVAGAG GVGGGGAAAG ( I'GACAGGAG TA 1'AAAGAl A 
27i)l CCACiGWrTTU GUTGGAA t iCT( *< VTl'( 1*1* GC( iC'Tl *T( *( "1 GTTGCGACl X 
2751 TGC( XiGTTAC CGGATACCTG TCC'GCCTTTC TC'GC'ITC'GGG AAGGGTC.GCG 
2SOI CTTTGTCAAT GCTCACGCTG TAGGTATCTC AGTTC'GGTGT AGGTGGTTCG 
2SS1 CTCC VAGCTC GGCTGTGTGG ACGAACCTCC CGTTCAGCCT GACCGCTGCG 
2VU| CC'Tl ATCCGG TAACT ATC'f '.T CTTGAGTU'A AOVGGTAAG ACACCAG1TA 
TGGGGAGTGG GAGCAGCGAC TGGTAAGAGG ATTAGCAGAG GGAGtiTATGT 
Mm AGC.CGC.TGCT ACAGAGTTCT TGAAGTGGTG GGCTAACTAC GGCTACACTA 
?DS 1 G AAGGACAGT ATTTGGTATC TGCCCTCTGC TGAAGCCAGT TACCTTCGG \ 

AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG 
tl>| TG( ITTITTIT t iTTTGCA AG( * AGCAGA1TAG GGGG AGAAAA AAAGGATCK* 
^2(11 AAGAAG ATCC TTTGATC'TTT TCTAGGGGGT CTG ACGCTCA GTGGAACGAA 
*2S I AAGTCACGTT A AGGG V1TTT GGTC'ATGAGA TTATGAAAAA GGATCTTCAC 
Wl CTAG ATC'CTT TTAAATTAAA A ATGAAGTTT TAAATCAATC TAAAGTATAT 
».«| ATGAGTAAAC TTGGTl^GAC AGTTACCAAT GCITAATCAG TGAGGCACGT 
uii] Al CTGAGCGA TGTGTGTATT TCGTTCATCC ATAGTTGCCT G ACTCCCCGT 
US1 GGTGTAGATA AfTACGAl AC GGGAGGGCTT ACT ATCTGGC CCCAGTGCTG 
W CAATG ATAGC GGGAGACGCA CGCTCAC GGG CTCGAGA*TTT ATCAGCAATA 

^51 aaggagcgac; gcggaagggg cgagggcaga agtcgtcctg CAACTTTATC 
W\ CGGGTCCATG gagtctatta attgttggcg ggaagctaga gtaagtagtt 

ViSl CGGGAG1TAA TAGTTTGCGC AACGTTGTTG CCATTGGTAG AGGCATCGTG 
GTGTCAGGCT CGTCG7TTGG TATGGCTTCA TTCAGCTCCG GTFCCCAAGG 
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ATfAACICiCCiA fiTl AC A TCiATCCt VCATCITI G RKAAAAAA CU "dC> 7"l -\< it T 
I "Tl t "t '.< !1 fi'' T <*t "CiATt "[ ri"J GTC'AGAAGI A At IVK ;<,(•( d( ,\< ■ l(i'n'.\ l( \ 

™ aaoatutt, T<-inn;An (: , I( ,, (il Ac-Tc aao'aagtca mw4T 

J "<'l AC'CGCXiCCAC ATAGCAGAAC TTTAAAAGTO CTCATCA1TG GAAAACGTTC 

™ ttcgggccga aaactc^aa ggatcttacc gctgttcaga tccagttcga 
-ron-rc-ro ggtgagca aa aao-agoaagu caaaatgctc caaaaaaggg 

«« AATAAGGGCG AC" ACGGAAAT GTTGA ATAC'T C'ATACTC'TTC CTTITTC' A AT 
AnATTGAAG CATTTATCAG GGTTATTGTC TCATGAOCGG ATACATATTT 

«.l ATAAAAATAG GCCTATCACT, A( i( it'CCTTTC GTC 



Fiiiurv 7- V Unco Scqucmx. SEQ. ID: IX. 

I T0( 'iCGCGTTT CGGTGATGAC GGTCAAAACV TCTGACACAT GCAGCTn V(i 
SI GAGACGGTC. CAGCnr."HT Gl AAGCGGAT GCCGf .CACif A GA('AA(it*C'C(i 
llil TCAGGGCGlV. TCM ;cr,G(.TG TJGGCGGGTG TCX.CC U'.(TGG CTfAA( TATG 
1 SI CGGCATC AGA GCAGATTGTA CTGACAGTGC AlT ATATGCG GTGTGAAATA 
201 CCGCACAGAT GCGT-XAGGAG AAAATACVGC ATCAGATTGG ITATTGGCCA 
2M TTGCATACGT TCTATCCATA TCATAATATG TAC'ATITATA TrGGCTCATO 
«»|- TCCAACATTA CCGCTATGTT GACATTGATT ATTGACTAGT TATTAATAGT 
U I AATCAATTAG GGGG ICAITA GTTCATAGCC CATA'I ATGG A GTTt'C'i ICfilT 
-Mil ACATAAfTTA (T.GTAAATGG (TVGaTGGC TGACVGCC'CA ACGAC m (V. 
451 CGCATTGACG TCAATAATGA CGTATGTTCT CATAGTAACG CCAATAGGGA 
Sill CTTTCCATTG ACGTC^ATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG 
SS I GC AGTACATC AAGTGTATCA TATGCC «\AGT AfGCCCCCTA TTG ACGTC A A 
MM TGACGGTAAA TGGCrCGCVTGGCATrATGC CTAGTACATG ACITTATGGG 
hS I ACTTTCCTAC TTGGCAGTAC ATCTAl'GTAT TAGTCATCGC TATTACC ATG 
701 GTGATGGGGT TTTGGCAGTA CATCAATGGG CGTOGATAGC GGTTTG ACTC 
75 1 ACGGGG ATTT CCAAGTCTCC ArC'CCATTGA CCTC'AATGGG AGTTTGTTTT 
Sill GGCAfCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA CTCCGCCCT A 
XS l TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT ATATAACCAG 
VIM AGCTOGTTTA UTGAAfCGTC AGATCGUTG GAGACGCfAT CCACGCTGTT 
VS I TTGACCTCOA TAGAAGACAC CGGGACCGAT CCAGCTTCCG ("GGfCGGGAA 
limi CGGTGCATTG GAACGCGGAT TCCCCGTGCC AAGAGTGACG TAAGTACCGC 
Il»M CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG 
1 101 TTTTTGGCTT GGGGTCTATA CACCrCVGCT TtXTCATCTT ATAGGTGATG 
1 151 GTATAGCTrA GCTTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC 



Hjiurv 7 fcimirnnai, pj/j) 

<™GCTGA "ATACTmTATTACTAATa-ATA^n; ,Orm«V 

" AAnr ' rT nA ™™ ™ vaata , -Antncxi r i-a^a,™ x 
'■"•'^^^^"^^^'^^.•n-xTrrArTAmAc-AAAT 

AACOTGCJCATCTCCACXit'CA ATf TCXiGGTA (XiTGTTCTGG Al'ATGGGCTC 

^'^ggtagcggc^ 

- f'ACTTAGGCA CAU.COATG CTTACV AT V x f rAOTOTCTC GCACAAGGrr 

CGOTC'iACGC'A T7TGGAAGACTTAAGGCAGC GGCAGAAGAA GATCiC \CiC/C'A 
GOTGACiTTGT TGTGTTCTGA TAAGAGTl'AG AGGTAACTCC CGTTGC'GGTC! 

ctcitaaccc i ggagggcac; tgtagtctga gcagtactcg TTGCTGCCGC 
^-CKx ; c.^c^.x•.GAC^^TA.,A (i c• T GA ( ,c i Ac•TAACAGAac■ l r^c™. 

W ' "'"'"'"^ (TC'CAGTrAC f'GTCGTTAG ATCTGCTGTG rCTTCTAGTT " 

GGTCK.X'ACTl' fX'ACTGTCXT TTCX'TAATAA AATGAGGAAA TTGCATCGCA 
TTG7XTGAGT AGGTGTT'ATT CTA7TCTGUG GGGTGGGGTG GGGCAGC'ACA 
ff'AAGGGGGA GGATTGGGAA GAC'AATAGCA GGCATGCTGG GGATGCXiGTG 
GGCTCTA7GG GTACCCAGGT GCTGAAGAAT TGACXX.XiGTTCCTCCTGGGO 

^^^'^^AW AAAiYTACSC V TCTAAtiAGTC CXiAAtiAAATT 
- "1 AAAGC'AAfiAT AGGO'ATTAA G7GCAGAGGG AGAGAAAATO fTTCt'AAC'AT 
GTGAGGAAGT AATGAGAGA A ATrATAGAATTTC'TTCCGCT ICX'TCGCTCA 



W»SI AACTCAGCAA AACTTCfiATT TATTCAACAA ACCCGCCOTC CCGTCAAGTf 
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rTOACTCorr nrccTrcmr gttcggctgc r.r,cr.Ar.rr.(;T ATrAorrr ac 

2<OI TCAAAGGCGG TAA rACGGTT ATCCAt'AGAA TCA(i(i('.(iATA ACGCAGGAAA 

G AACA1GTGA GOAAAAGt.tr AGCAAAAGGC < AGGAAC'Cr.T AAA A At H rt'( G * - j 

:wn rc;rrc;nci(i(' ciTmrccAT AGtUTCcorc crrnr. act. a gcatcacaaa 

2d>\ AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TA1 \AAGA1A 

270 1 irAGur.nTUVcnor.AA t.uvHTctn can; inn rGntri.utr - c •• 3 

27M TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCrCPT'GGG AAGCGTGCiCG 
:si)l CTTUTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG 

2SM CTCC A AG ITG l It »CT( 1TGTG C ACG A AC'CC "( '(" C( 1TTC AGCCC G At't tit* l'GCG [ 
2W1 CCTTATCCGG T A ACTA TCGT CTTGAGTCCA ACCTGGTAAG At'ACGACTTA 
295 1 TCGCCACTGG CAGCAGCCAC TGGTAACACG ATTAGCAG AG CGAGGTATGT 

VMM AOGCGGTCCT ACAGAGTTCT TGAAGTGGTG GCCTAACT AC CGCTACACTA . * . 

GAAGOAt'AGT ATTTGGTATC TGC(i(T(*TGC TG A AGtVAGT TACCTTCGG A 
\ 1 1 1 1 AAAAGAGTTG GTAGCTCTTG ATCCGGC A A A CAAACC'ACCG CTGGT At JCGG . ' ^ 

H5I TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATXTC .. . j* j >--. , 

Wl A AGAAGATCC TTTGATCTTT T(TACGGGGT CTGACGCTCA GTGGAACGAA 

A A t TC ACGTI A At *. GG ATTTT G GTC A Tt 1 AG A TT ATt ' A A A A A C.G ATCPTC At - 
UiH CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCA ATC TAAAGTATAT ywy ' ; 7 , 
UM ATC". At iTA A At * TTGOTCTG AC AGTTACCAAT t.CTTAATt'AG TtiAGGCACCT 

UIH ATCTCAGCGA TCTGTCTA'IT TCGTTC ATC'C ATAGTTGCtT GAtTCCGGGG ■! .\y \ • 

.US I 'GGGGGGGGCG CTGAGGTCTG CCTCtiTG AAG AAGGTGTTGC TGACTCATAC ; f ■ 

CAGGfCTGAA TCGCrCCATC ATrCAGCCAG AAAGTGAGGG AGCTACGGIT 
S*$\ G ATG At i AGtT TTGTTC iTAGt i T GG ACC AGTT t iGTG ATTTTG AAtTTTTGtT 

MM\ TTGCCACGGA ACGGTCTGCG TTGTCGGGAA GATGCGTGAT CTGATCCTTC 1 — ^— 1 
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*7mi agcg WAicr tctgccagtg ttagaaccaa ttaagc vavt (tcaitagaa 
1731 AAAnrATu; aggatcaaat gaaagi gcaa rn atic a fa tcaggati ai 

Will GAATACVATA I'lTIHiAAAA AGCUWTUT (IT AA I'GAAGG At iAAAAf "!(*A 

ix5 i ( *c( ; At ;< ;c agt tccata< ;< ; at ( igca a< ; at cc k ;c ;tatc< a ;t ctc .< *c ; a n < *< ■ 

VHil GA( TCG'TCCA ACATCAATAC AACCTATTAA TTrc-a'CTCG TCAAAAATAA 
I GGTTATCAAG TG AGAAA1 CA CC ATGAGTGA CGACTGAATC COGTGAGAAT 

■tot) i i ;gc a aaagct tatgcatttc tttccagagt tgttg a acag r ,rc aggcatt 

4UM ACGCTCGTCA TGAAAATGAG TCGCATC-AAC GAAAGGGTTA TlCATrCGlG 
410) A7TGCGCC '7G AGGGAGAGGA A ATAC '( *■( '( \ AT C( J( *T( »*ITA A A AGGA( \A ITA 
4IM CAAACAGGAA TCGAATGGAA CCGGGGCAGG AACACTGCCA GCGCATCAAC 
4201 AATATTTTCA CCTGAATGAG GATATTCTTC TAATACCTGG AATGCTGTTT 
42SI TCCCGGGGAT C( ICAGTGGTG AGTAACPATG CATCATCAGG AGTACGGATA 
4<lll AAATGC1TGA TG( HGGGAAG AGGGATAAA'I TC'CGTCAGGC AGTTI AGT( T 
4«l GACCATGTCA TCTGTAAC 'AT CA1TGGCAAC GCTACCTTTG CCATGTTTCA 
44.M GAAACAA(TC TGGCGCATCG GGCTTCCCAT ACAATCGATA GAT7GTCGCA 
44S | GCTGATTGGC CG ACATTATC GCGAGCCCAT TTATACCCAT ATAAATCAGC 
4*11 A rCGAl GTTG GAATTTAATC GCGGGCTCGA ( 1C A A G AC( H T TCC *CG1 TG A A 
4<SI TATGt JCTt AT AACAn'C'CTT GTATTACTGT TTATGTAAGC AGAGAGTTTT 
4«il A1TGTTCATG ATG ATATATT TTTAT(TTGT GCAATGTAAC ATCAGAGATT 
J«| "H GAG AG AG A ACGTGGCTIT G( tXX V( ( ( '(' ('('ATI ATTGA AGC VTTTATC 
4 7(11 AGG< iTTATTC; TCTCATG AGG GGATA( ATAT 7TG A ATGTAT Tl AGAAAAAT 
47S| AAACAAATAG GGGTTCGGGG CaCAITTCCC GGAAAAGTGG GACCTGAGGT 
4k.II GTAAGAAAGG ATTA1TA1CA TliACATTAAC GTATAAAAAT AGGCGTATCA 
4XM CGAGGCCC1T 7GGTC 
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I ATIGGCTA n GGCCATTGCA TACG ITGTAT ('(' VI A IV AT A M A1CTACA1 
M TTATATTGC.C TCATGTCCAA C'ATTAt VGCC AT( "ITGAC'AT 1 ( iA*ITA*ITGA 
IDI CTAGTTATTA ATAGTAATCA ATI' At '( iGt *Ci I* ( "A'ITA( WVt A 1 At i( '( '(.'AT AT 

ima ret . m ■, n i H" ( *.("( m* At ■ at a At • it At ( w ;t A AMI -( '.<■ '( '( '< '»< ' ( "H it ;t T< ; A* '( 
;ui gcccaai iiu'nxviicir.vnr.'U'i.u a\i avu.au.iwi gtivccaiai. 
:m i a \n in 1 vat v(;(.<;-vmTcrATr(iAci.Tt AAi(;(.<ru;(.A(rrvnTA( t - 
;i ii i a a v( ' n k •< r ai *ti ( ;< ;t * v< rr m Ait * a ag n ; tatc ai at( itt-wi ita< t .( "t 

<M CCCTAT1 C.AC Gil A AT( i AI "G ( ■ ! A A AT( i( i( "C CI it *( "1 t it it 'A'! T V1(.< CCAG I' 
401 ACATOAC'CTl ATGGGACTn ( XTA( "TTGGC A( iTAC AI ( TA I XiT ATT AGTt 

4M Air(;cTATrA(*(\Aix;(;r(iAT(inun"nT(Hi('A( , .TA( , A , ii , A ATc.c.GCGii.t. 

<n| A "I At It CtGITl C.ACTCACGCGGAlTrCCAAG rCTCGACCCC AlTCAC'd-ICA 
«l UtiGCACITI * mTR iCCAC CAAAAIC VAC (it it i A< "T~lTt '( VAAAlt.TCGT 
M>1 AACA AtTt '( Vt CCCCATH.ACGCAA ATCGGC GGTAGCCGTt . TACXiGTGGG A 

GG1CTAT ATA AGCAGAGCTC GTTTAG T GAA CCGTCAGATC GUTGGAGAC 
7U| r.CfATfX'ACG nCTTTTG Vt' CTCCATAGAA GACACCGGGA CCC.ATCC AGC 

CTCCGCGC( C GGG AACuGiC CATTGGAACC. CGGATTCCCC GTCCC VAGAti 
KOI TGACV.TAAGT ACCGCCTATA GAGTCTATAG GCCCACCCCC TTGGCTTCTT 
SM ATGCAlt.CTA TA( TGTmT (JGCTTGGCGT CTATACACCC i i GCTrCXTC 

ATGTrATAGG TGATGtiTATA GCTTAGCCTA TAGGTGTGGG TV ATTGACCA 
'JM TTATTGAt TA CTCCCCTATT GGTGACGATA CTTTCCATTA (TAATCCATA 
UMI ACATGGGTCT TTCCCACAAC TCTCTTTATT GGCTATATGC CAATACACTG 
It)S| Tt *t TTCACAG At TO AC A CI it i ACTCT* fATT TT1 ACAGGAT GC.tiGTCTCAT 
1 KM TTA1TATTTA CAAATTC ACA TAT AC A AC AC I ACCGTCCCC AGTGCCCGCA 
1IM G11TITA1TA A AC AT A At *G1 GGC.ATtTCCA CGCGAATCTC GGGTACGTGT 
i:n| TCCC< iACATG GC.CTCTTCTC CGGTAGCGGC GGAGCTTCTA CATCCGAGCC 
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(HimcCATCClTCCAlKT, A(TC,\T(i(.iT( (i( TC(i(i( A<,(1Cl-Tr(iCT(C 
nn TAACAOTCidA CGCTAfiAC-rr AGGCACAGCAOiATU C C AC CAtX'ACX'AGT 
I'.M <;Tn(i(iCACAAf;(iC(T;TC!<iC CCTAdCCTATGICnTCAAAATCACCTCti.; 
I 'I < .1 ;a< i( •( i( .( if r I ( ;< - ac ((;(-„; A « i( • Arn ( , ( , A , u , A( AM , , >( . M ( . ( . ( . ( . y ( 

mm A\(iAA(;A7(! ( \At;<:o\(UT(iA(;rrt;ri(in;TT[ r(;ATAA(;A(;i(-M,.u;(n.\ 
wi ■\^cr((nTrw7,cw(.(T(;iTAA(7u;r<;(;\(a;u\A(;r(;TA(iT(n(;A(;(A(;-i 

l"l ACrrCTTCCTCCCCCCCCCC IVACCAGACA TAATA( iOGA CACAfTAACA 

imii r,A(Tcnrc-T ttctai gggt (Trrrcrcc\A GTfAcxGTrc ttacak it, 
im i CTOTc;ccnv tag-ttgcx' ac uatctgttg mccaxTc cracTGCxT 

I7IH T( '(' m i AIXX' TCi< i A A( ICiTi i( ( \\( T( '( TAfT GTC.' nTC'( T AATA AA AT< iA 

i7M (inAAArr(;(-AT(r.rArr(;nnx^unA(;(;T(;T(-A-'Tc-TArrn(;c,(,(;(.iii(i 

1X1)1 UOUTClVKk-AO(-ACAtK-AAC!CKK;UAtiCiATr(!C»iAACA(-AATA«irA(Jlil-AT 

i« i cnr,r,c.GAT<; cx;gtgg< ;rrr tatgggtact caggtgctga agaattgacc 

!•«'! CGGrRXTCC TCCG'TAGA A AGAAGCAOCC ACATCCXT7T CTCTCTCACA 

1151 cactctckx.- Aosmn w TrrrrAcrrc cagcttcact cataggacac- 
:<k»i tc-ai AcnrA coAfiuamr GfrnfAATc- ccacctgita aagtacttgg 

2«I5I AGrOCTCTCT CTCTCX'CTC'A TCAGCCTACT AAACCAAAPC TAGCTTCC'AA 
GAGTGGGAAG AAA1TAAAGC AAG ATAGGCT ATTAAGTGC A GAGGGAGAGA 
: I M A AAT( IfX Tl ( • AAC ATGT( IAG C. A AGTAATG A GAGAAATCAT AGAATTC 
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. Resistance to Influenza A/PR/8/34 induced bv 
immunization with HA and internal protein genes 
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